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01. lToBbimenue 3¢pGPeKTUBHOCTH FJIEKTPOTUHAPABIMYECKHX
CHCTEM C HMCNOJL30BAHHEM KYMYJISATHBHOIO JIEKTPO -

rujpaBianueckoro 3¢dgexra
1. KpaTkoe BBeaeHue.

C wHavana  BO3HHKHOBEHHS THAPOAUHAMUKH MPOIECCHI
pacnpocTpaHeHusi  BOJIH B cpele U 00pa3oBaHue TMOTOKOB Cpebl
M3YUYAKTCH U UCCIACAYHTCH  OTHOCUTEJbHO camocrtosaTeabHo/l/ bogee
TOT0, KJIACCHYECKAs] THAPOANHAMHKA TEOPEeTHYECKH 000CHOBAJIA BBIBOJ
0 HEBO3MOKHOCTH TI€PEeHOCA BeImIeCTBA Cpeabl B MOTOKE BOJH JaHHOI
cpeapl, TMO3TOMY Ja’Ke MNpsiMbie  JKCMEPUMEHTAJIbHbIE HW3MepPeHHs
OCTABJISIIOT B CTOPOHE BOMPOC O MPOBEPKE WM YTOYHEHHH TaKOTro0
MOJI02KEHNS , 3apaHee He MpeanoJaras oOHAPYKUTh KaKue-Jiud0 MOTOKH
cpeabl B MOTOKaX BOJIH B JaHHOM cpene /2/.

Taxum o0pazom, COTJIACHO COBPEMEHHBIM MpeacTaBJIeHUusIM
THAPOAUHAMHUYECKOH TEOpHH CYNepro3uius YIapHBIX BOJH B cpele He
BbI3bIBAET 00pPa30BaHHS TOTOKOB JAHHOH CpPeabl, COMPOBOKIASICH JIHIID
nepenayeid JHeprud  BOJH 0e3 mepeMelleHHsl BeulecTsa B cpene /3,4/.
3a HCTOPUYCCKHI mepuoa mnocje (yHAaMEeHTAJbHbIX TpakraroB /I,
bepuyim  «l'mapoaunamuka» / 1738 r./ u JI. Jiinepa «O0mue npyuHIKIBI
ABIGKeHHs1  KkuakocTtw» /1755 r/ B ruapoauHamMuke  c(hopMHUPOBAIACH
CHCTEeMAa YyPaBHEHH JBWKEHHS CIUVIOIIHOW cpeabl (SKHAKOCTH WJIH rasa ),
KOTOpasi pacCMaTpuBaeT Cpeay U30TPONHONI U TrUpoTponHoi /3/:

D L gadp 1), divy=0 ), L-0 (3)
dt o, dt

JIsi  NpaKTHYeCKUX  pacyeToB YCTAHOBHUBIIUXCS  JBHMIKEHM
HEC)KUMaeMoOl KHUAKOCTH Ha ocHoBe YypaBHeHuii (1),(2) u (3) mmpoko

HCIOJIb3yeTCsl MepBbIid uHTEerpag bepHy/H, 4yacTHOe pelieHrne KOTOPOro
2

JAJI TPYOKHM TOKa Kak Ha puc.l MOKHO 3amucaTth: %4— L gh = Const (4)
o,

Ilo cymecTtBy ypaBHeHue (4) BbIpa:kaeTr co00ii 3aKOH COXpPaHEHUS
YHEPrUM B TPYOKe TOKA CpPeAbl, YTO COBEPIIEHHO CIIPABEJINBO B yc.nosnﬂx
HEBMENIATEILCTBA HW3BHE B JHEPreTHUECKHUIT 0aJIaHC TaHHOI j
Nmenno mnodromy b. Puman eme B 1860 rog
“O pacnpocTpaHeHMH TIJIOCKHX BOJIH

paccMaTpuBasi  pacnpocTpaHeHHe i npames 4%
BbIBOAY 00 00pa30BaHNH YIAPHBIX BOJIH B 0apegyi /O
x=tc(p)+te(p) (5). B coorBeTcTBUH C BBIBOY éélzs) ".% ﬂé-Q 7
BO3MYLUIEHHH IUIOTHOCTH CpeAbl MOKHO IPen gl HEREHRLK HA
pHC.2, HO C Y4eTOM BTOPOr0 HAa4aja TepMO. pe;KeHust
HEBO3MOKHBI /1/, MO3TOMY peajibHO BBIMOJIHS: ﬁgﬁa

rpaguka, TO eCThb 3aBUCHUMOCTb KaK Ha puc.3.
-2 .
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Taxkue BOSMYIIICHHUSA B Cpeac Ha3bIBAKOTCH AKYyCTHYCCKHMMU, a
OIMHUCBHIBAKOIIIAA HX TCOpUSA ABJIFCTCH J'II/IHQfIHOi/i, HE€ I103BOJIAA

paccMaTpuBaTh HMMITYJIbCHbIE SIBJIEHHSI ¢ 00pa3oBaHHEM B cpeae Mapo —
ra3o - BAKYYMHBIX I0JIOCTEH, KOrjJa KHAKOCTH Y Ke HeJIb3sl paccMaTpuBaTh
CILTOLIHON Hec:kumaemoii cpenoii /1/,/3/. PaccmarpuBasi Takue HMIYJIbCHbIE
SIBJICHUSI B Cpele ¢ MO3MUMI Tra3oBoil JUHAMHKH, HA OCHOBE 3aKOHOB
COXpPaHEHHsI MACChl, UMIYJbCA M HSHEPrUHU , Mbl MNPHIAEM K H3BECTHBIM
cooTHomieHnsim Penxkuna — I'vronno /1/,/3/ , xoTopble a1  TLIOCKOTO
cJiyyasi B HEMOJABHKHOMH CHCTeMe KOOPANHAT MOTYT ObITh MpeacTABJIEHbI :

p1(D-Uy) = p(D-1) (0)
Pi+p UiD-Uy) =P, + p, Uy (D-Uy) (7)
e1- e = L(PHPy) (L -1 )
2 P P2
rae : D - ckopocth ynapHoii BoiHbI, U - ckopocTh cpeasl ,
p , P, e - COOTBeTCTBEHHO ILIOTHOCTH, JaBJIeHHE U YyAeJbHAas

BHYTPEHHSIS JHEPrusi KUAKOCTH. 3aech mHAekcaMu 1 m 2 0003HAUYEHBI
COOTBETCTBEHHO COCTOSIHUSI Cpelbl Mo 00e CTOPOHbI MOBEPXHOCTH pa3pbiBa.
B yacTHOM ciy4yae a5 mokosimeiics: nepea yiapHoil BOJHOM cpeabl , Koraa
U= 0 (9) umeem caeacrBusi: pD = po(D -- Uy) (10)
Pi=P, + p, U, (D=U,) (1) m e —e; == (Py+P,) (L -1y (12)
2 P P
Otcrona cJjenyer BbIBOA O TOM, YTO MPH YCJOBUH 00pPa30BaHHUU yIAPHOI
BOJIHBI, TO ecThb Korma D=0 (13), 10 mmeer mecto U, >0 (14).
Taxum o0pazom, UMIYJIbCHAS YIapHasi BOJIHA TMOPOKIAET IBHKEHUE
CILIOIIHOW cpelbl BO BCE CTOPOHBbI, TO €CTh B3PbIB, KOTOPbIii gMOEET ObITH
HANpaBJieH, HAMpPUMeEpP, HEOJHOPOAHOCTHI) Ccpeabl uJll
TEXHUYECKUMH TMPUCTOCO0JeHHSIMU (0TpaKaTe/IaM
2. Bo3HukHOBeHHNe 3a1a4KR
PaccmarpuBass uHTepdepeHuuro POIHBIX Cpeaax &S‘/

MO3UUMIT  JIMHEHHOH TI'HAPOAHHAMHKH, REGHE il E De %

NMPUHIUNOM CYNEepPHo3ulUl  Mbl C HEOOXOAUME ML npnvéﬁ REIBOY
0 HEBO3MO:KHOCTH OOpa30BAHUS HANPABJIEHHbMY MOTOKOB CPpeabl




U3 KOTOPOro cJjeayeT OTCYyTCTBHE HCTOYHHKA 7JHEPruu B 00JIaCTH Cpebl ,
nepeKpbiBaeMoii MOTOKaMu BOJIH B IAHHOM cpeje.

PaccmarpuBas UMIYJIbCHbIE ylapHbie BOJIHBI ¢ no3uuuii
HEJIMHEHHOI Tra30BOll AMHAMHKH, MbI B JIyYlIeM CJy4dyae TMPHUXOAUM K
BO3MOKHOCTH 00pPa30BAHUSA HANPABJEHHOI0 BbIOpPOCAa CpeAbl B Pa3jIUYHBIX
HAMNPAaBJIEHUAX CHCTEMOI eIMHUYHbIX B3PbIBOB, KOTOpPbIE HE MOIYT 3/1€Ch
paccMaTpuBaTLCA B KadeCcTBe HeNpepbIBHLIX MOTOKOB JAaHHOII Cpeabl,
4yTo0 M noaTrBepxkaaercsa caeacrsuem (14) u3 coorHomennii  PeHkuHa -
I'toronuo (6), (7),(8).

Bmecte ¢ Tem, Kak 3T0 O00HAPYKIJT0CH B H3y4YeHUH
iekTporuapasianydeckoro 3¢dexra /5/, /6/ u ap. ¢ IOMOIIBLIO MOCJIETHET 0
npeacTaBjsieTcsl HOBasi  BO3MOKHOCTb TE€XHUYECKHUMH cpeacTBaMu
MOABOAUTH JSHEPrul) B MOTOK Cpeabl ¢ YCTAHOBUBIIMMCSI JIBHKEHUEM ,
oKa3bIBasi TeM CaMbIM BJIMSIHHE HA JHEpPreTudYecKuid OajlaHC 3aJaHHOI
oosactu cpeabl. bosiee Toro, moydyuid mnpaKTHYeCKoOe NnpUMEeHeHue
pa3ju4HbIe YCTpPOiicTBA B BHJE COCYI0B, TMOJIOCTEIl, OTPaMKAKOIINX
MOBEPXHOCTEN U T.I. , C MOMOIUBI) KOTOPBIX (OPMUPYHTCS KYMYJSTHBHbIE
CTpy™ :Kuakoctu mox aeiicreuem I /7/,/8/ m np.

B yka3zannbix padorax /5/,/6/,/7/,/8/ nu ap. ocTaB/ieH OTKPBLITHIM BOMIPOC 0
HAJIOKEHHU KoJe0aHuil B cpeae oT HeCcKoJbKUX JI'J, B YaCTHOCTH BONpOC
0 pe3yJbTUPYIOIIEM KOJI€0AHUM JBYX MOCJIEI0BATEILHBIX BO BpeMeHu I
JlaHHoe 00CTOSITE/ILCTBO O0OBSICHAECTCS H3BECTHBIMH JIKCIEPHUMEHTAJIbHBIMH
TPYAHOCTAMU B ocywecTBiaeHun JID /9/ u  cJ0KHBIM XapakTepom
3aBHCHUMOCTH TJIOTHOCTH cpedbl B o0jactu JI'D He TOJBKO OT JaBJIEHHS,
HO U OT APYrux napamerpos /2/.

3. ®poHT yaapHoii BOJIHbI KyMYJSITUBHOIO XapakTepa.

3agava 006 uHTepdepeHH YIAPHBIX BOJI JABYX MOCJIEA0BATEIbHBIX BO
BpemMenu JI'D moker ObITH YCJOBHO pa3jejieHa Ha JABa 0ojiee YaCTHBIX
cJIyyas:
3a). OoOpa3zoBanue BTOporo mno nmopsaky JI'DJ B gaHHoIl o0JacTH cpeabl A0
WM TO0CJie MOMEHTAa MPOX0XKAeHHsl (DPOHTA yAApHOiIl BOJIHBI OT MEPBOro
no nopsiaky D) uyepes HCTOYHUK BTOPOro mo mopsaaky 1.

B >Tom cayuae paccMoTpeHHE CBOAMTCS
uHTepdepeHIMd BOJIH Brepead WM mno3aaun  (pog

MO3TOMY MbI C HEOOXOAMMOCTHI)  TPHAEM K H3BEYHIED

HE3aBHCHUMOM TMEPeHoCe CHCTeMOIl BOJIH CBOH ,"nn oe3 Hepeﬂ%
BeIeCTBA CpeAbl , YTO HAXOAUTCH B MOJHOM PRCCCTRIY ¢ PE /O
CyNepno3vuun yIAPHBIX BOJH M 3aKOHOM COX)) @nﬁw 7

3 0). OoOpa3oBanue BTOpOro no nopsiaky I’ JaHHOH\ S E RS (O@yenb]
OCYIIECTBJISIETCSI B MOMEHT MpPOXOKIAeHHS ¢ i oT

nepBoro mo nopsiaky 1D dYepe3 HMCTOUYHHK
BstoM ciayuae oka3biBaeTcsi CnpaBeliuB
HEBO3MOKHO BBIBECTH CJIEICTBHEM H3 COOTHOIL

Mo3TOMY TpelyeTcsl 10Ka3bIBATh HA OCHOBAHUM €
-4 -
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IKCIEPUMEHTAJIbHBIX HCCJIeT0BAHMIL:
Cynepno3uiiusi BOJIH B Cpele NyTeM BKJIIOYEHHS] OYEPETHOr0 HCTOYHHKA
B MOMEHT TIPOXO:KJAEHHSI depe3 Hero (poHTa yIapHOii BOJHBI  OT
MPEeABbIAYIer0o MCTOYHHKA 00pa3yeT pe3yJbTHPYOIIHIT  (POHT  BOJIHBI
KYMYJSITHBHOTO XapakTepa.

Jst  goka3areqbCTBA  JAHHOH TeopeMbl NMpPHUMeM BO BHUMAHHE
cJIeayIomme 00CTOATEIHCTBA, KOTOPbHIE ObLIN C  BBICOKOIi
JOCTOBEPHOCTHI0 YCTAHOBJIEHBI B pe3yJibTaTe HOBEHIIIUX TeOoPeTHYECKUX
U IKCMEPUMEHTAJbHBIX HCCJIEI0BAHM :

A. Teoperuuecku /3/ U 3KcnepumMeHTaJbHO /6/, /9/ u aAp. ycTraHOoBJIeHa
3aBHCHMOCTh  CKOPOCTH pPAaCHpOCTPaHEeHUsl BO3MYIIeHHii B cpeae oOT
TUIOTHOCTH Cpeabl, KOTOpasi mpeacTaBjieHa rpaduyecku Ha puc. 4.

B. DxcnepumenTaabHo /6/,/9/ v Ap. ycTaHOBJIEHA 3aBHCHMOCTH IJIOTHOCTH
cpeabl B o0gactu 1D or ¢a3pl pazButus II'D , KoTopasi mpeacTraBJieHa
rpajpuyeckn Ha puc.S.

C. DkcnepumeHnTajabHo /6/,/9/ n ap. ycTaHoBJIeHA 3aBHCHMOCTDH JaBJIEHUS
B obosactu D) ot ¢asel pasBuruna ') , KoTopas  mpeacTaBJieHA
rpadudveckn Ha puc. 6.

v
1 ¢ ;
T s,
7 9 ke 6
¢z
A
@ 5 (4 °© 2(‘;’; = Z{?}
Pty Pes™ . fac €
C OCJbK HAIJIIAHOCTH A0Ka3aTCJIbCTBA nmocrpoumM cxemy

pacnpocTpaHeHusi BOJIH OT JABYX HCTOYHHUKOB KoJle0aHHI KaK MOKa3aHO
Ha puc. 7, Ipu 3TOM NpuAep:KuBasch BbIBOA0OB A,B,C Ha puc.4, puc.S u
puc.6 :

Aae, ¥ *

IIycts Touxkm O; m O, Ha puc.7 aBiglircsa TOI{K@I@R
PACIOJIOKEHBI HCTOYHHKH KOJICOAHUIT , TIPH YTQA B Tque Haxo HTCS
HCTOYHHK  KOJIE0AHHMH B MOMEHT IIPOXOK | qepes, é HTa
YIAPHOiIi BOJIHBI  OT IEPBOr0 HCTOYHHKA B TOURG WATERMARK s

Tak Kak CKOpPOCTh PACHPOCTPAHEHHSI  BOJW™ BpeMeHeM YobIiBaeTO
/cm.puc.4 u puc.S/ ,To npupamieHue pajauyca mep ‘E)%OHTa yaapHoii (.o

-5- rint-drivg




BOJIHBI OKAKETCS MEHbIIIe, YeM PaauyCc BTOPOro (PPoHTA yIaAPHOIl BOJTHBI
nmocJie paspsiza B Touke O, B HAMpaBJIeHUH PACHPOCTPAHIeHHS]  TMEPBOIO
(ppoHTa ymapHoii BOJIHBI, TO €CTb MOMHO OTMETHTb, 4T0: A r; < 1y (15).

Tak xkak CKOpoCcTh pacnpocTpaHeHHsI  BOJH BHYTPH  TApo-ra3o-
BO3AYWIHOr0 my3bipst JI'D BOKpYr mnepBoro HCTOYHHKA BOJH O MeHbIIe
CKOPOCTH 3THX BOJIH MO HEBO3MYIUEHHOII cpene (cm.puc.S m puc.6) , 10
BOKPYr BTOporo ucroyHuka O, o0jacTs mocJie BTOPOro paspsijia B
MOMEHT TIPOXO:KJAEHHSI 4epe3 Hero mnepBoro ¢poHTa ymapHoii BOJIHBI
OKa’KeTCsl  ACHMMETPHYHOII OTHOCHTEJHLHO wucTouHHKa O, , TO ecTh
(poHT yrapHoii BOJHBI B 001II€eM HAMPABJIEHUN PACHPOCTPAHEHHS  BOJH
OyleT wuMeThb paauyCc-BeKTOp OoJbIIHii, YeM  JITOT PaAUYC-BEKTOP B
Hanpasjennn kK O; WM B IPyrux HanpasBJeHHSX.

Taxum oOpa3zom, 00001Iag BbillIE OTMEYeHHbIe O00CTOATEIbCTBA , MPHU
MOCTPOEHUU CXeMbI PACIPOCTPAHEHHsI BOJH Ha puC.7 MOXKHO 3aMHCaATh:
rp + r, > r; +Ar (16), To ecTb MOBEPXHOCTH 00IIEro (PPOHTA YIAPHBIX
BOJTH BOKpPYr uUcTOYHHKOB O m O, mnipu BKJIKYEHHH BTOPOr0 HCTOUYHHKA
B MOMEHT MPOXO0KAeHHUS uepe3 Hero (GpoHTA yIapHOii BOJHBI 0T MEPBOTO
HCTOYHUKA B HAMPABJIEHHH O0IIEr0 pacnpoCTPaHEeHHS  BOJH HMeeT
BBICTYNl , YTO U SBJSIETC  TPOSIBJICHHEM KYMYJSATHBHOCTH JAHHOI
CYNepNno3UuIiN  YIAPHBIX BOJIH .

4. O0pa3oBaHue MOTOKA Cpeabl
B pe3yJibTaTe CyNeprno3uilui YIAPHBIX BOJIH.

Cpeayt MHOIrOYMCJIEHHBIX  CJIeACTBHIA AOKA3aHHOII BbIIe Mo 1.3.0)
TeopeMbl 0C00bIii HHTEpeC B IJIAHE MOCTABJIEHHOI0 BOMPOCA MPeaCTABJISIET
ee MHOTOKPaTHOe TIpUMEHEHHEe K OJHOH | Toii ke TpyOKe TOKa, KaK 3TO
noxkasaHo Ha puc.8. /lelicTBuTe/ibHO, paccCMOTPUM TPYOKY TOKA, HA OAHOIA
0CH KOTOPOii pa3MelieHbl TOCJIeA0BATEIbHO HECKOJbKO Pa3psAIHUKOB (
cm.puc.8). Ilosoxxum  31ech o0ecrmeYeHHBIM TeXHHYECKH 00CTOSITeIbCTBO
BKJIOUEHHSI OYEPEeTHBIX Pa3psSAHUKOB B MOMEHTBHI TPOXOKIEHHS depe3
HHUX  yIapHbIX BOJH OT NpPeablIAyIIUX pa3spsAHUKOB, HAnpumep, ¢
MOMOIIBI0 CTENUAJBHBIX (popmupoBateseii  pa3psaaoB. KoHcTpykTHBHO
TaKasl 3aJada pelleHa Yy:Ke B HeCKOJbKHX u3o0perenusix asropa /10/,/11/ n
ap. O003HaAYMM BeJIUYHUHY KYMYJSTHBHOIO BBLICTYNA
yIapHOI BOJIHBI 4epe3 a;, Ille i — MOPSAKOBBII HO
Torma coBepmIeHHO  SICHO, YTO TPUMEHSS

00pa3oBaHUM KYMYJSATHBHOTO BBICTYNAa OTHOMY npeablay |
(¢ppoHTa ymapHoii BoJHBI (cM. 10 m.3.0), 31eCh M T ; ’I-% D 7
a; < a;< az....< a, (17). JlelicTBUTEILHO, Kam@npengmﬁuﬁp& BBHICTY T

BKJIIOUaeT ouepennoii  paspsa ¢ GounmuYEl onepexelpt iR Sy Adsn
0YepPENIHOMY KyMYJSITHBHOMY BBICTYIY e€Ile YHeTHYUTh A:B)ﬁ S‘se%nny
3a BO3pOCIIEe BpPeMsl OIEepPeKeHUsl.

Jlerko mpeacTtaBUTL Ternepb cede, YTO 0OIIAL
KOTOPOii pasMelllena CHCTeMa MOCEN0BATENLHER FASPSIHAKOB  KaK H
pHC. 8, OKa3bIBAETCSE MeEHbIEe HJIM PABHOH CyMMS “%%BLICTyHOB e’

-6- Zint-driV




KYMYJSTHUBHBIX (POHTOB YAAPHBIX BOJIH, TOTJAa MOCJEIHHH B psAay Ha
JIMHUM TOKA BBICTYNl OKAa’KeTCH  BBIOPOCOM JaHHOH Cpeabl 3a Mpeaesibl
JaHHOH TpyOKH TOKA.

B cuiy nmpuHOUnNa HepPa3pbIBHOCTH Cpeabl W3 3TOr0 00CTOATEIHCTBA
cJeayeT Heo0X0AMMOCTH 00pa30BaHHUS MOTOKA CpeAbl MO0 JAHHON TpyoOKe
TOKA B HAMpaBjleHHMH TOpsiAKa cJjegoBaHusi pas3psiaos. [lpu 3Tom Her
HEOOXOMMMOCTH B 0E€CKOHEYHO OO0JIbIIIOM  YHCJEe PpPa3spsAHUKOB NpHU
0eCKOHEYHO [JIMHHOH TpyOKe TOKAa, TaK KaK MPH  KOHEYHOM YHCJIe
pa3psiIHUKOB B KOHEYHOH TpyOKe TOKA BO3MOKHO  TEXHHYECKH MOCJIe
MO CJIeHEro B psay pa3psiAHUKA OCYLIECTBHTH € TOMOIIBIO
(¢opMupoBaTesii pa3psiioB BKJIKUYEHHE TMEPBOr0 U3 HUX B JAAHHOM PSIIY,
TO €CThb 3aMKHYThb Psii  Pa3ps/IHUKOB Ha ce0sl , TOBTOPHAS LUKJIbI
pa3psiioB CKOJb YrogHO [0Jro , ToagepKuBasi o00pa3oBaHHe TOTOKA
cpeasl MO JaHHOW TPyOKe TOKA 3a CUET HAJIO)KEHHUS] YIAPHBIX BOJH B
COOTBETCTBUM € [0Ka3aHHOII Bbilmle o 1 3.0) Teopemoii

Takum oOpa3om, B cnjlomHON cpeae B pe3yJjbrare  CyNnepno3uULUH
YIApPHBIX  BOJIH OT JJIEKTPUYECKHX  pa3psiioB Ha pa3psAHUKAX,
PACMOJIO)KEHHBIX  MOCJIeI0BATEJbHO  HA JIMHHHW  TOKa, TMyTeM HX
BKJIIOUEHHS] B MOMEHTBHI TMPOXOKIeHHS] UYepe3 HHX (PPOHTOB YIAPHBIX
BOJIH OT MPeAbIAYLIHX Ppa3psiaoB oOpasyercsi MOTOK [JaHHOH cpeabl B
HATIPABJIEHHU TMOPSIAKA CJIeI0BAHHUS Pa3PsiIoB.

5. Bo3MokHOCTH KYMYJSITUBHOIO 3JIeKTporuapaBanydeckoro 3¢dexra

B NOBBIIIEHNH 3(PPEeKTHBHOCTH IEKTPOTrHAPABIHYECKHX CHCTEM.

Tak kak peasm3anusi Ha YPOBHE TEXHHYECKOT0 pPeHIeHUsl CXeMbl
o0pa3oBaHusA MOTOKA Cpeabl B pe3yjbTaTe CyNepno3suluu yIapHbIX
BOJIH KaK Ha puC.8 10 cymecTBy §IBJSIETCS OCYIIEeCTBJIEHHEM CXeMbI
yCcTpoiicTBa JIEKTPOTHAPABINYECKOT0 HACOCA , TO BBIBOA 00

o0pazoBaHHUM  KYMYJSATHBHOIO (¢pponTa ymapHbIX BOJH  OTKpbIBaeT
IIUPOKYK MEepPCHeKTHBY JJIf ero TEXHUYECKOr0 HCHOJb30BAHUA B
rHApaBJIHKE.

Tak xkak AelicTBHSI HACOCa M JABHIKUTEJS MexAy co00if aBIAAOTCH
O0OpaTHBIMH, TO HA OCHOBE [AaHHOI0 BbIBOJAa  OTKPbIBAETCS TaKXKe H
BO3MOKHOCTb  Pa3’BUTHH CYAOBBIX JIBHKHTEJICH )
NpPeBPALICHUEM IEKTPOIHEPrul B MEXaHHYECKYH0
cyiHa. B kadecTBe WLIIOCTpauMid  H3JI0KEHHBIX BbI

3ppekTa  37€CHh MOXKHO NPUBECTH  HeCKOJIgy /O

KOpIIyce KOTOpPOii BBINMOJHEHbl W30JHpYHIINEe DIN0OKHU 2 ¢ pa @)ﬂﬂSnKaMn 3,

Ilpn BK/IWOUEHNMH  JJICKTPONMTAHMS Ha paz)luéy KU/ Y B o B e S

CO3JAK0T MOTOK padoueil cpeabl IMyTeM CO3JAHY: @ KZMYIITHBHOIO
-7 -



Puc.9 Puc.10
Ilpu BkJIIOUEeHNH  JJIEKTPONUTAHHUS HA Pa3spsiIHUKH  yIapHbI€ BOJIHBI
CO3MAK0T TOTOK  padoueii cpeapl TMyTeM CO3JaHHS  KyMYJSITHBHOTO
¢pponTa BcaeacTBue oOpasoBaHusi  o0umIero (poHTa  yIapHBLIX BOJIH
BOKPYT Pa3psiIHUKOB [JaHHOTO KPYroBoro cedeHusi Kopmyca Hacoca. Tak
KaK B MOAOOHBIX HACOCAX OTCYTCTBYWOT MOPIIHH, padoume KoJeca ,

JIOMACTH W JpPyrue KOHCTPYKTHBHbIE€ TIPU3HAKU H3BECTHBIX HACOCOB, TO
AaHHOE 00CTOATETHCTBO O3B OJIUT o0ecrnevyuTh MOBBIIIIEHHE
MPOM3BOANTEILHOCTH 32 CUET CHHKEHHS T'HAPABJIHYECKOr0 COMPOTHUBJIEHHS
. Kpome Toro, ucnoan3zopanue 31D , B mpouecce KOTOPOro J0CTUTAIOTCS
CBEPXBBICOKHE ABJIEHHS, OTKPbHIBaeT B THAPABJIHKE BO3MOXKHOCTH
CO3MaHUSI  BBICOKOHAMOPHBIX HACOCOB, CMOCOOHBIX HAJEKHO pPadoTarh B
arpecCHBHBIX CpelaX, B Ye€M JaBHO OINYIIAETCH OCTpasi MOTPeOHOCTH B
COBPEMEHHBIX OTPACJSIX TMPOMBINLIEHHOCTH XUMHYECKOH, MeTaJLuIypruu,
IHEpPreTHKe U Mp. 31ech SICHO, UTO pa3MellleHHe Pa3psiIHIKOB HA BHEITHEI
MOBEPXHOCTH KOPIyCa HEMEIJeHHO NPHBOAUT K CO3JaHHI0 00PATHOTO
npoiecca — JABHKEHHI) C€aMoOro KoOpmyca B cpeae, TO €CTh MO3BOJISIET
CTPOWTH PAa3JIMYHbIE CyA0Bble JABHI:KHTEIH, OMH W3 KOTOPBIX MO MATEHTY
P® N 1483825 /11/ mpeacrasJieH Ha puc. 11, a ero npuHUMNHAJbLHAS CXeMa
Ha puc. 12.

Puc. 11.

HpaKanecxoe NPUMCHCHHEC KYMYJIATHBHOI'O

107
3hdexTa He HCUEPNBIBAETCSl YKA3AHHBIMH BBIE~Y 30% flé?gr‘m- I =7

u/11/ u ap., Tak KaKk MNO3BOJISAET VIXYIBISATE I[pyFH(EWf]@@I@IFUWLHO
HOBbIE  TEeXHHYECKHEe pelleHHsl, B KOTOpPbL Y HCNOJIb3yeTcs HOBAasl
BO3MOKHOCTb HEMOCPEJACTBEHHOr0 mnpeBpaniyzis 3 @»&m IN B

MeXaHHYeCKYI0 pabory. B KkauecTBe MOI04)8HE; Wﬁgﬁgﬁﬁﬂﬁﬁw s

paspadoran muyrm (matent PD Ne 1428225 OypoBbie TroJIOBKHO
( marenT P® Ne 2026990 ) , HeMarHuTHbBIE 3JIEKTPCAEIAGAEIN U peJie (.

-8- rint-driNg




( matent P® Ne 2063122 ) , ycrpoiicTBa sl pe3KH CTpyeil BBICOKOIO
nasjenusi ( mateHT P@® Ne 1598338 ) u cmecuresmn ( matenT P@® Ne 1534818 )
, J0KJIeBaJIbHbIE YCTAHOBKH ( marentr P® Ne 2063122) "
BbICOKONPOX0IMMbIe  aKTHBHbIe KoJieca ( mateHT P® Ne 1736752 ) mu
Apyrue ycrpoiicta /12/, ucnosib30BaHue KOTOPbIX B HAPOJAHOM XO03SIiiCTBE
MO3BOJINT HeE TOJbKO MOBBICUTH MPOU3BOAUTEIbHOCTD, HAJIEKHOCTh PadOTHI
TEXHOJIOTHYECKOr0 000pyI0BaHHUSI , HO U 00eCHeYHTb JIKOJOTHUYECKYH)
0€30MacCHOCTh  MHOIMX  HAIIUX  TEXHOJOTHMYEeCKHX  TMPOLEeccOB B
YIOMSHYTBIX M JAPYTHX OTPACJAAX NPOMBINLJIEHHOCTH.

Cnucoxk Jutepatypsl :

1. 3eabpoBuu . b., Paiizep IO.II. ®usuxka ygapHbIX BOJH H
BbICOKOTEMMEPATYPHBIX  TUjApoAuHaMuuyeckux sapjenuii. M., «Haykay,
1968 r. ctp.46-58, 201, 374 u ap.

2. ®apeenko IO.U. wu ap. Pa3psizHble  BOJIHBI B KaHajle ¢
MoCJeA0BATEIbHOCTBH) HCKPOBBIX MPOMEXKYTKOB. //»®u3uka ropeHuss u
B3pbiBa» N 1/1969 r.,c.144.

3. CenoB JLN. Mexanuka cmiomHoii  cpeasl. M.,»Hayka»,1976 r.
1.1,c.447,1.2,C.26.

4. Puman b. Counnenns. M-J1.,0I'13,1948 r.,cTp.376 u nanee.

5.IOtkun  JLA.Dnekrporuapasiaudeckuii - 3¢pdexkr.M-JI.,Mamruz, 1955
r.cTp.8.

6.Hayroabubix K.A., Poii H.A. Daexkrtpuueckuii paspsa B Boge. M.,
«Haykay», 1971 r.

7.HecBeTtaiisioB 1'.A., CepeopsikoB A.A. Teopussi u npaxkTHKa  IJIEKTPO-
rujgpaBanueckoro ppexra.Munck, MHTH,1965 r.cTp.4 u ap.

8.Ilomusos  JLSI. Daextpo-puzudveckast u JJIeKTpOMeXaHuUYeCcKast
o0padoTka MatepuasoB. M.,p»MammHocTpoeHue»,1969 r., crp.263 u nanee.
9.Banos B.B. O npumenumoctu npudmxeHuss Kupksyna — bere s
HCCJIeI0BaAHMS MOIIHBIX MOABOAHBIX HCKPOBBIX pa3psiioB
LMJIMHAPUYECKO0il cuMMeTpul.// « JjaekTpo-ruapaBanyeckuii 3¢ ekt u ero
npumeHenue», Kues, AH YCCP,1981 r.

10.Beprunckuii ILA. DaexkrporuapaBiaudeckuii  Hacoc. Ilatenr P® N
1824504, 1989 r.

11.Beprunckuii ILA. DJaexkrporuapaB/jimuecKuid
ITatear P® N 1483825, 1987 r.

12.Beprunckuii ILLA. DaekTporuapaBuka.r.y coiblsg
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02. UCITOJIB30OBAHUE KYMVYJIATUBHOI'O D®®EKTA
CVYIIEPIIO3NLNHU YAAPHBIX BOJIH BOKPYI' QJIEKTPUYECKHUX
PA3PA10B B INPOMBIIIVIEHHBIX TEXHOJIOT'UAX.

1 IPEANUCJIOBHUE
ABTOpPY yxe mnpunuiocb Ha kKoH(pepeHuun «Cubpecypc-2002»
AOKa3bIBaTh TeopeMy O (PpPOHTE YyAAPHOII  BOJIHBI KYyMYJATHBHOI'O
XapakrTepa, HO 3/ieCb He0OX0AHMMO CHOBa NpHBECTH ee (OpPMYJIHMPOBKY:
Cynepno3uyus__yOapHulX _B0JH 6 _CPe0e _NYymem BKIIUECHUSA 0UepPEeOH020
UCMOUHUKA 8 MOMEHM_NPOX0HCOCHUA uepe3 _Hezo (DpoHma yOapHOll _60.J1Hbl
Om_npeosvloyulezo0 UCMOYHUKA _00pa3zyem __pe3yabmupyrouiit _ ()poHm_60.J1Hbl
KYyMYJsamueno20_xapakmepa.|1]
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a 9
Puc. 1 (puc.7 no .[1]) Puc. 2 (puc.8 no .[1])
JlelicTBUTE/ILHO, TAK KaK CKOPOCTh  PacnpocTpaHeHus BOJIH €O

BpeMeHeM YObIBaeT, TO MpHpalieHue paauyca nepBoro ¢poHTa ynapHoii
BOJIHbI OKA:KETCSl MEHbIlle, YeM Paauyc BTOPOro (ppoHTa YIapHOil BOJIHbI
nocje paspsaaa B Touxke O, B HANpaBJIeHUM pacOpoOCTPAHEHUS]  MEPBOro
(¢ppoHTa ymapHoil BOJIHBI, TO €CTb MOKHO OTMETHTb, UTO0: A 1; < 13 (1)
Taxum o0pa3zom, 00001Iasi BbIllIE OTMEYEHHbIe O00CTOSITEILCTBA, MNpPHU
MOCTPOEHUU CXEMbI PACHPOCTPAHEHHsI BOJIH HA PHC.2 MOXKHO 3aMuCaTh:
ry + r» >r; +tAr (2), T0 ecTb MoOBepxHOCTH 001ero (GpoHTa yIapHBIX
BOJIH BOKpPYr UCTOYHUKOB O; u O, mNpu BKJIKWYEHHH BTOPOro HMCTOUHHKA
B MOMEHT TMPOXOKIEHUS uepe3 Hero (poHTA YIAPHOIl BOJIHBI OT MEPBOro
HCTOYHUKA B HANpPaBJeHUU OO0LIEro pacnpocTpPaHeHUg B
BBICTYNl, YTO W SIBJISIETCS NpPosiBJIECHUEM
Cynepno3vun  yaiapHbiX BoOJIH. O003HAUUM BeJH
BbICTYNa Brepeau (PoOHTA yIapHOil BOJIHBI 4ep
HOMep JaHHOro paspsiza. Toraa coBeplIeHHO 1 I/IMeHﬂﬂ B CSIKHIA
pa3 Teopemy 00 00pa3oBaHMH KYMYJSATHBHOIY 1 3& Eeﬁgo
npeasiaymero (ppoHra ymapHoii BOJIHBI, 3/1€Ch lHXOHHTCWfQBﬁi' TO:
a; < a;<a3.....< a, (3). /[elicTBUTE/IbHO, KAaMI|HIil i BBICTYNl
BKJIOYAET oO4YepeaHoil pa3psaa ¢ emé Ooabmiigl onepexs msﬂ&gﬂﬂﬂ

OYCpPECAHOMY KYMYJISITUBHOMY BbBICTYHlY €II¢ “-II/IWA:“TE)RWIE“%W s

3a BoO3pociIee BpeMsi omepe:kenust. Jlerko mpej s Tenephb ceoe, ‘IT%
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MoCJ1eI0BATE/IbHBIX PA3PSI/IHUKOB KAK Ha PHUC. 2 OKA3bIBA€TCH  MeHbIIIe
WM PaBHOH CyMMe BCeX BBICTYNIOB KYMYJSITUBHBIX (DPOHTOB YIApHBIX
BOJIH, TOIrAa TMOCJCAHUI B pPSAy HA JUHHH TOKA  BBICTYII OKAXKETCS
BbLIOPOCOM JaHHOM cpeabl 3a mpeaejbl AAHHOH TPyOKHU TOKa.

B cuiy npuHUuMNa HepPa3pbIBHOCTH CpPeAbl W3 3TOro 00CTOATEIbCTBA
cjeayer Heo0X0AUMOCTh 00pa30BaHHSI MOTOKA cpeAbl IO JAaHHOH TpyOke
TOKA B HANPABJCHHH TMOPHAAKA CJICAOBAHUS Pa3PSII0B.

Z.BHEKTPOPABPHI[HI)IE HACOCHBI

A

Puc.3 Puc.4 Puc.5

B kauecTBe mNpakTHYECKOr0 TMPUJIOKEHHSI 73TOil TeopeMbl  3/eCh
paccMOTpUM TMPUHLIMUN JeHCTBUS 3JIEKTPOrHAPABJIMUYECKHX HACOCOB [2],
TAK KAK BCE€ OHH MOryT ObITh MNpeICTaABJIEHbI OJHON W TOM Ke
NPUHUMITHAJIBHONH 3JIeKTPOCcXeMoii, n300paxkeHHoid Ha puc.3. B cymHocTn
Takass TMNPUHUUNUHAJBHAS  3JleKTpocxeMa ¢ OJIOKOM JJIeKTPONUTAHMS
npeAcTaBjsieT co00ii TreHepaTop HUMIYJbCHOI0 TOKa C pa3iejbHbIMH
daTtapesiMU KOHJAEHCATOPOB [Jisl Pa3psiAHHKOB.

KoHCTPpYKTHBHO Takasi 3JIeKTpocXxeMa MOKeT ObITh BbINOJHEHA KaK
MOKa3aHo HA puc.4 u puc.5, a HeKOTOpble BO3MOXKHBbIE (opMUpoBaTEIU
pa3psiioB  MoKa3aHbl Ha puc.6, puc.7 u  puc.8 [2], HA KoTopBIX
NpeACTABJEHbI  MPOAOJbHBIN  pa3pe3 dpopmupoBaress pa3psiioB
TEH30Pe3UCTOPHOro Ttuma (puc.6), 3jekrpopaspsiaHoro Tuma (puc.7) u
MyCKOBOro (opMupoBaresisi pa3psiios (puc.8).

Hacoc  coaepxxutr  kopnyc 1, 010k 3JieKTponuTaHus, pa3psiAHbIE
ycTpoiicTBa 2, pa3MelleHHble B JIeKTPOH30JUPYOIIHX MNPoOKax Mo Tpu
PABHOMEPHO 10 KPYroBbIM CeUYeHusiM Kopmyca 1. (I)MI/'B T
pa3psiioB MOT'YT ObITh BBINOJTHEHBI
MOJIyITPOBOIHIKOBOT0 TUIA ¢ BhIBOAaMH 4
Ju00 B BUJE MbE30JIEKTPUYECKOr0 JaT4YHUKa, P
Judo B BujJe MPOBOJHUKOIOBOr0 CTepHHA 3

rpynnbl pa3psiIHUKOB 2 HA PacCTOSIHUM, HE ME K Einyca 1.

bN W(PbI,
‘WW‘WT WRRR: 8

MIJIEKTPUKA KaxAbINO
"%lon 7. IlyckoBg

\
Fint.driNg

a4 BTOPBLIM BBIBOJAOM CJIIY/KHT METAJJI KOPIIYCd

pa3psiIHUK 2 MMeeT CBOI BBIBOJ , COeIMHEHHbIH %
-11 -



dbopmupoBaresb 8 paspsaos B BHJAE TEH30pe3ucTopa HJIH
nbe303JIeKTPHKa ¢ kjaBumeid 9 u mapuxkom 10 umeer BuiBOABI 11 112,
coeIUHEHHbIE TMapaJuleJbHO nepBoMy (opMupoBateao 3 pa3psiaoB.

]
4 AT 9 70
N 7
x '""';”"5 = —
X
x| | . o
§ % # X . \ V
! g
J
Puc. 6 Puc. 7 Puc. 8

Bce paspsaHuku 2 HMeEHT BbIBOJABLI 6 0T 0IHOTO U3 JJIEKTPOAOB NAapbI,
a BTOPbIM BBIBOJAOM CJIY:KHT MeTa/1 Kopmyca 1 ¢ o0mum BbIBOAOM 7.
B ciaydae BO3MOXKHOro HUCHOJIHeHUs Kopmyca 1 U3 AUBJIEKTPUKA KaM bl
pa3psiIHUK 2 HMMeeT CBOM BBIBOJ , COeUHEHHbIN ¢ kJjemmoii 7. IlyckoBoii
¢popmMupoBarenb 8 paspsaos B  BHJe TEH30Pe3ucTopa Win
nbe303JIeKTPHKa ¢ kjaBumeid 9 u mapuxkom 10 umeer BuiBOABI 11 112,
coe/lNHEeHHbIe TMAapa/uieibHO nepBoMy ¢opMupoBaTesro 3 pa3psiioB.

Ilpu BKJIHOYEHUM JJIEKTPONMUTAHHSI HA Pa3spSAHUKH 2 yJapHbie BOJIHbI
pacnpocTpaHsilOTCs  BA0Jb KaHAaJa HAcoca , CBOMM /JaBJIEHHUEM MO
¢pouty BO3aeiicTBYylOT Ha ¢opmupoBaTesid 3 Ppa3spsaoB oOUYepeaHbIX
Pa3psSiIHUKOB 2, BKJIKYAs HUX B MOMEHTBHI TMPOXO0X/JIeHUs1 (PpoHTa yaapHoii
BOJIHBI 4epe3 HHUX, MOJJAep:KuBasi TaKuM oOpazom pabdoTy Hacoca Ha
NMPOTSKEHUH BCEro nepuoia paéorsl CXeMbl 3JIeKTPONUTAHMSL

3. DJIEKTPODOUJIBTP AbIMOBBIX I'A30B
IO IMATEHTY P® Ne 1837447]3].

Yike HemocpeaCcTBeHHOE TMpPHMEHeHHe YKA3aHHbIX BbIllle HACOCOB IO
CBOEMY IMPSIMOMY HA3HAYEHUI) B ra3oBbIX CpeJax IO03BOJIsIET MM Cpa3y
NMPOSIBUTHL CBOU TNPHUHIIHMTHAJbHbIE  KOHCTPYKTHBHBIE npenMymecTBa.
HI3KO0 THIPABINYECKOe CONPOTHBIIEHHE CBOOOJHOT0 OT ‘

HEMOCPEICTBEHHOT0  Mpeodpa3oBaHUs 3JI€KT‘®;§IERE@[ DA,
B MEXaHHYECKYI) padoTy 1o mepeMelieHnIo paﬁ cpenpl. Taks

IEKTPOPUIBTP TMOKA3aH BEPTHKAJBbHBIM P2 c9) 1o BceM§9
1 7&%425&1

kopnycy ¢uabtpa u Buaom (puc.10) cBepxy.
Mo ONUCAHHOMY Bbille M0 .1 U NpuMeHAEYrcss MO MNPSIMOMY CBOEMY
HA3HAYEHUIO. ADDS NO
JAbIMOBOII  3JIEKTPOPUIABTP COCTOUT U3 N/ y ')
| 22%1’5} T(;Tﬁ%?ﬁ?-‘fﬁr\ 'y

Ha SIPYCHbIe KaMepbl 2 ¢ MOMOIIBI0 TEeperopo
-12-




BbIMOJIHEHbI KeJj100a [Ji BOAblI, COEIUHEHHbIE MEKIY co0oii
MOCJIeI0BATEJIbHO € TOMOIIBK  TPYOONpoOBOAOB 4 ¢ eMKOCTBIO 5,
MarucTpasbio 6 u HacoCHOH ycTaHOBKOI 7.

g 708 -

— gro s
Puc. 9 Puc. 10

HuwxkHuii apyc kamep 2 coeAnHeH € JbIMOXO/J0M , & BepPXHUil sIpyc
KamMep 2 wuMeeT TMOTOJIOYHOE TMepeKpbiTHe 8§ ¢ UHJIHHAPUYECKHM
BbIX0JIOM B BHA€ BepPTHKAJbHBLIX JiomacTeil 9, Mexay  KOTOpbIMU
BbINOJHEeHbI comia-meau 10. B neperopoakax 3 BCTpoeHbI B HIAXMATHOM
nopsiiKe ONMUCaAHHbIe Bbie Mo .1 3aekTpopa3psiaHbie Hacochbl 11.

Tak kak B mnpouecce IEKTPUYECKUX Ppa3psiioB no ¢poHTam
YAApPHBIX BOJIH BOKpPYI Pa3psiHUKOB CO3AaéTCH BbBICOKOE HMIIYJbCHOE
JAaBJieHHEe  JAbIMOBOIl  Ccpelbl, TO KPYNHbIE YACTHLbI 30JIbI U CaKHU
KOAryJIMPYKOT M BbINMAJAKOT B KeJ100a ¢ BOAOI KaKI0H SIPYCHOI KaMepbl.

Tak Kak B  3JIeKTPOPa3PSAAHBIX dunbTpax apiMoBasm  cpeaa
MoJABEPraeTcss HOHU3ALMM, TO HA BBIXOJAe KAXKAOr0 HAacoca  co3aaércs
MOBBIIIEHHAS] KOHUEHTPalHus LEHTPOB KOAryJsluMu B BHAEe HOHOB
ra3oBbIX MOJIEKYJ U 3JIEKTPU30BAHHBLIX MEJIKOAUCTIEPCHBIX YaCTHIL

Takum o0pa3om, NpH BKJIWYEHHH JJeKTponuTaHusa Hacochl 11
CO03JaK0T HAMOpP B CBOUX SIPYCHBIX Kamepax, 00pa3ysi TAry /JIbIMOBBIX
razoB u3 AbiM0X04a. Tak Kak ¢ MOBbIIIEHHEM JABJIEHUSIX B SIPYCHBIX
KaMepax TMOBBIIIAETCH KOAryJsiuus
pacTBOpPeHHE ra3oBbIX mNpumeceii abIMa.

OnucaHHbie  BbllIe 0Cco0eHHOCTH

AJISl YJIABJIMBAHUS  JIETy4eil 30JIbI U CaXu,
4acTHLl 1 PAacCTBOPUMBIX B BOJe ra30BbIX
TO €CThb MNPUMEHATHb ISl OYMCTKH Ta30BB\
JHEPreTUKH, MEeTAJUIyPrud, XHMHYECKOH Mpo

-13 -



4. DJIEKTPOPA3PSITHBIIT HACOC
11O 3ASIBKE POCITATEHTA Ne 5049463/29 [4]

31ech HEO0X0AMMO YTOYHHTHL OTHOCHTEJbHO COJEPKAHUS TeopeMbl
no n.l, koropasi cnpaBeaiMBa B Mpeaejax TPYOKH Toka (cM. puc.2)
0€30THOCHTEJIbHO K MATEpPHAJNy CTEHOK - rpaHuu 3Toil Tpyokm Lg - L.
JIpyrumMu cJi0BamMi, CNpaBeIJIMBOCThL BbipaxeHus (3) He HaApylIaeTcs AaKe
NpH «BBIMOJJHEHUW» 3ITHX «CcTeHok» Lj - L, m3 marepmana paboueii
cpelbl, TO €CTh M0 CYHIeCTBY 0€3 OrpaHNYUBAKIIUX TPYOKY TOKA CTEHOK.
IIpu 3TOM SICHO, UTO PACCUYUTHIBATH HA CMIPABEJIMBOCTh BbIpa:keHusi (3) Mbl
BIIpaBe JINIIb B Mpeaesiax 3Toil TpyOKHU ToKa, TO ecTb BHYTpu rpaHun Ly - L, .
Takum o0pa3oM, B KaudecTBe MPSIMOr0 CJIEJCTBHS YKAa3aHHOI TeopeMbl
BbITEKAeT MNPUHIUNHAJIBHASL  TEXHHYECKAasi BO3MOXKHOCTb CO3JaHUSI C

MOMOIIBI) IEKTPUIECKHX
pa3psaoB HAMPaBJIEHHBIX

MOTOKOB 7JTOi  padouyeii
cpeanbl 0e3 NpUMEeHeHUs

creurajJbHbIX TPyOONpoOBOAOB.
B kayecTBe mnpumMepa 0JHOIO
u3 MHOT 0UHCJIEHHBIX
NPAKTHYECKHUX PELIeHHH JTOM
f/ 3aJa4H pPaccMOTpHUM
YCTPOHCTBO u padoty

% JIEKTPOPA3PSIAHOT0 HACOCA TI0
(=

3asiBKe PocnaTenra
Ne 5049463/29 [4]. Ha puc.11

Puc. 11 MOKAa3aH BH/ 3JIEKTPPa3PsSAHOTO
Hacoca B padoyeM MoJI0KeHUH (BapUAaHT), Ha puc. 12 Buja B IUIaHe 0JHOI0 U3
KOJIbLEBbIX AepxaTesie Pa3psAIHUKOB, Ha pwuc. 13 MOKAa3aH
AUAMETPAJIbHBIA pa3pe3 Jep:KaTeisi pa3spsiIHHUKOB.

Hacoc cocTtouT W3 COOCHOro Ppsiia KOJbLEBBIX jAep:kartenaeii 1 ¢
pa3psiiHUKaMH 2 MO0 TpPU PABHOMEPHO Ha  Kax/JAOM Jep:KareJie,
COoeIUHEeHHbIe  MEXAY C000il HJIEKTPUUYECKH MNAPAJLIEJbHO KOJbIEBBIMH
muHavu 3 u 4. Bce 3jiekTpopaspsiAHHUKH 2 cOeTUHEHBL C e
UMIIYJbCHOT0 TOKAa MO0 CXeMe HAa puc.3 ¢ MNOMOIUbIO
pa3psiioB Mo cxeMe Ha puc. 7 win puc. 8§ B 3aBucull
yeaoBuii kcrtyatTanuu. C noMoIbi 3JeKTPHUEY S 4%@

4 npucoeauHeHbl 3JjeKTponipoBoaamu 7,8 u Ygs gic’y? E&%?ﬂ
I

S
VERSION
ADDS NO
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Puc. 12 Puc. 13

daexkTponpoBoaa 7, 8, m 9 BBINMOJHEHbBI MHOTOKHJIbHBIMH, THOKHUMH H
YKperuleHbl Ha CTpomax WM IITAHrax MeKay OJOKOM MHTaHHs,
HAMpuMep, Ha TPAHCHOPTHOM CcpeaAcTBe, U NoabéMHukoM 10, Hampumep,
a’poCTAaTHOTO THIIA.

IHocne BkiroueHuss 3aexkrpornutanuss ['UT,a paspsaaHuku 2 co3aa0T
HAMpaBJEHHbIH (POHT YyJapHBIX BOJH BA0Jb KAaHAJIA HAacoca BHYTPH
KOJIbLIEBBIX Jep:kaTteseii 1 pa3psigHUKOB, KOTOPbIH oOpa3syeT  MOTOK
pabodeii cpeabl B 3aJaHHOM HAMpPaBJIEHHH, YBJIEKasi  OKPY:KalLIUii
BO3AYX C COAEPKAIMUMHCH B HEM KOMIIOHEHTAMM.

@DYyHKIMOHAJbLHbIE BO3MOKHOCTH 3JIEKTPOPAa3PsiIHOTO Hacoca
MO3BOJISIOT TPUMEHSAATHb €ro JJIs Jerasamu 3apa’keHHBbIX TeppuTopUid
MyTéM pacceHMBaHHsl Ta30B Ha 0OJIBIIMX BHICOTAX B €CTECTBEHHBIX MOTOKAX
armMocdepnl, HanpuMep, pacceMBaTb CMOIM B IrOPOACKHX MHKpOpaiioHaX B
0e3BeTPEHHYI0 MOTr oY, BEHTUJIMPOBATh  KPYNHOradapuTHbIE
NPOMBbINLIEHHbIe ToMemeHusi, aHrapol u T. . Ilo 3asBke Ne 5049463/29
aBTOp UMeeT pemieHne PocnateHTa 0 Bblgaye maTeHTa Ha u3oOpereHue [4].

5. COIUJIO PEAKTHUBHOI'O JIBUTATEJIA
11O ITATEHTY P® Ne 2041376 [5]

SIcHo, uTO WM3JI0KeHHbIE BbINIE MNPHMEPHI peaJu3allii Ha YPOBHe
TEXHHYECKHUX penieHuid CXEeMBbI o0pa3oBaHUsI TOTOKa Cpeabl
B pe3yJbTaTe CyNepmo3uiui YIAPHBIX BOJH KaK Ha pHC.2 10 CYIIECTBY
SIBJISIFOTCSL  OCYIIIECTBJIEHHEM CXe€MbI YCTPOICTBAa JJIEKTPOrHAPABIHYECKOTO
HACOCA, TMOATBEpP:KJAasi TeM CaMbiM Hall BbIBOA 00 oO0pa3oBaHUU
KYMYJIITHBHOIO ¢dpoHTa YyIApHBIX BOJH W  OTKpPbIBasi HIHMPOKYIO
MEePCHEeKTUBY /JIsl €0 TEXHHYECKOro HCMOJIb30BaHMS B IHAPABJIHKE.

BMmecte ¢ Tem, Tak KakK JeliCTBHSI HACOCA U JABHIKUTEISA g
SIBJISIIOTCST  00OpaTHBIMHM, TO HA OCHOBE JaAHHOTIO
TaK)K€e W BO3MOKHOCTH Pa3BUTHSI JBIGKUTEJIEi
npeBpalieHdeM JIeKTPOIHEPrul B MeXaHH4ec
TPAHCHOPTHOTO  cpeacTBa. B KadecTBe WL
BBIBOJ0OB 0 MPAKTHYECKHX BO3MOKHOCTSIX HCITOJN &

ekTporuapaBanydeckoro 3pdexra 3aech VIENHO0 npnBVEIR S’?@,&@LKO
u300peTeHNii aBTOpa.
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Puc.14 Puc. 16

B xadecTBe NpoOCTOro HAIMJISAHONO NpPHUMeEpPa 3JJIEKTPOPA3PSIAHOTO
ABHMIKHUTENSI 3/4eCh MOMXHO MNPUBECTH  COIUI0 PAKETHOr0 JABUTaTessl IO
nateHTy P® Ne 2041376 [5]. Ha puc. 12 noka3aH pa3pe3 comja 1o ero ocu,
Ha puc. 13 - Bua coma ¢ Topua, a Ha puc. 14 - npuHOMNHAJILHAS
3JIeKTpocxeMa coria. CBepx3ByKoBoe cCoILio 1 pasMelneHo B Kopmyce 2,
BHYTpU comjia 1 Ha kpoHuTeilHax 3 o0TekaemMoro ce4deHusi COOCHO
YKpeIrJieH oTpa)kateb 4 Takke 00TeKaeMoro cedeHusi OCHOBaHHEM K
Boixoay comaa 1. Ilo koabumeBoMy ceueHHIO oOTpakateass 4 Ha ero
KOHUYECKONl 4YacTu pa3MelleHbl 3JeKTPOopaspsaHuKu S MHorodasHoii
CUCTeMbl MO0 JaBe OAHO(A3HOH MHapbl  3JEKTPOAOB € AMAMETPAJIbHO
NMPOTHUBOMOJIOKHBIX CTOPOH oOTpaxkarteass 4, KOTOpble  COEJIUHEHbI ¢
HCTOYHHUKOM MHOro¢a3Horo UMIYJbCHOI0 HCTOYHHKA TOKa HAa
THPUCTOPAX, B LENHU YMNPaBJeHUs KOTOPbIX BKJIKWYEeH ¢opMUpoBaTe/b
pa3psiioB €  peryJpyemMoil  4acToToil (CKBa:KHOCTbK)), Hampumep, ¢
MOMOIILI) YNPABJISIEMOro 3JeKTPOJABUraTesisi ¢ KOMMYTALMOHHOI CHCTEMOii
B LIl YNpaBJieHUus] TUPUCTOPOB.

Ilpn BKIWYEHHH  JJIEKTPONUTAHUS Pa3psiAHUKOB S5  Ha
orpaxkartesne 4, pa3psabl KOTOPHIX  OCYHIECTBJSIIOTCS  MOCPEIACTBOM
peryJpyemoii ckBaxHoctu ['MUT,a, Ha nmpoTHUBOMONIOKHBIX CTOPOHAX
oTpaxkatens 4 oOpasyercsi JaBJieHHMe  YAAPHBIX BOJIH, HANPaBJEHHOE
K BBIXOJAY M3 COIUIa, TO €CTh YCKOpsiouee TNOTOK P i
TEM CaMbIM COOTBETCTBEHHO YBEJIUYHUBASA  THArY
MOIIHOCTHK) CKBA’KHOCTHH) HMITYJIbCHOTO TOKA.

6.2JIEKTPOPA3PSIJTHBII 1BU
11O 3ASIBKE POCITATEHTA Nef
3necb  Haa0 CHOBA  BCIIOMHHTH haiei p]%w HOI1

TEXHUYECKOM BO3MOKHOCTH CO3JaHHSA '5‘;5‘1 KHX

paspsiioB  HANpPaBJIEHHBIX MOTOKOB pabogdd cpennl Qef) [EiVEHOHIS
C0JIb30BAJIN_BbIIIIEe é,

JIs1
ycTpoiicTBa U padoThI 3JIEKTPOpa3psiAHOro Hasuer WALERMAL Kaos
Ne 5049463/29 [4].

~1
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Puc. 17 Puc.18
Tak kak kaHajgd Hacoca mno 3asiBke Pocmatenta Ne 5049463/29 [4]
MOKHO CO031aTh HE TOJbKO ¢ TMOMOIILK  KOJbLEBbIX jAepareJieil
3JIEKTPOPAa3PSIAHUKOB, HO U, Hampumep, C TMOMOIIBK)  CTEPMKHEBbIX
Aepskartesiei, TO OTKPBIBAETCS  BO3MOKHOCTH 00pa3oBbIBATH
MHOT0KAHAJIbHbIE HACOCHI, pa3Mellasi /AepKaTejd 3J1eKTPOoOpa3psiIHUKOB
napajuJleJibHbIMH CHCTEMAMH, KAK 3TO BBINOJHEHO B 3JJI€KTPOPa3pPsIHOM

asuxuTesie mo 3asaske Pocnmarenrta NeS064157/11 [6].

<Y
o

X

X X X

X
X
X

= X
1 3 [ ey —— 6
Puc. 19 Puc. 20 Puc. 21
Ha puc. 17 noka3an o0mii BUja ABUKHTE/IsI, Ha puc. 18 — ero mpoaosabHbIii
pa3pe3, Ha  puc. 19 — mecTHbIii BbIpE3  CTEP:KHEBOI0  Jep:KaTesis
Mo TNPOTHBOMOJIOKHBIM pa3psiAHUKaM, Ha puc. 20 - nozepeflanLiA pazves
CTEPKHEBOI0 AepsKaTeass Mo
NMPOAOJbHBINA pa3pe3 dopMupoBaTtessi pa3spsiioB TEH34V
JIBH:KUTEIb  COAEPKUT 3aJaHHOe  YHCJIC

CTepKHeBbIX jepxkareseii 1, o0pa3ywmux B g€
CTPYKTYpPY, HapuMep, IIeCTHrPaHHOii  (opmi
Ha nepxkarensix 1 3sjekpopa3psaos A ,
coeTHHEHHbIE c HCTOYHHKOM IeKTRUNUTAHUS O&pzq,c BOM
dbopmupoBareneii 3  pa3psaaos, ENNGED, mmopea«é‘e&éﬁwr mna,
3aKPeNJIEHHBIX B JIEKTPOM3OJIHPYIOIINX TPOOXED WEELRMA LORMK s
A1 BKJIIOUYEHUS B IleNH  ynpaBJeHHUS : é:)%[;oB reHepaTo‘l?JO

HMIIYJIbCHOI'0 TOKA. HOCJICI[HHH CTYIICHb ABH/KHUTEAC! ZKCHA COILJIOM
-17 -
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CBEPX3BYKOBOI0 THIMA, a BCe CTYNEHH JABHIKUTE/Sl 3aKpeIuieHbl B 001IeM
cTyneH4arom kopnyce 9 ¢ nmomomnbro pemerku 10 B pacrpyde 11 mepsoii
CTyneHu U KpoHuTeiiHoB 12 ¢ oceBbIM oOTekatesiem 13 coma 6.

DNeKTPOPa3PAAHUKHN 2 MPEACTABISAIOT 000l mapbl u3 3jeKkTpoaoB 14
B JJIEKTPOM30JUpPYHOINUX npodkax 15 u snexkTpogos-wuthipeii 16 B cTeHke
nepxkaresss 1. BwiBoanl 14 npucoeauHensl K o0memy mnposoay 17,
pa3MelleHHOMY BHYTPH TPyOku aepxkareis 1 u ¢ moMombH BKJIKYATEs
COEIMHEHHOMY C JJIEKTPOCXeMOii 0J10Ka 3J1eKTPONUTAHUS.

Ilpu BKJIOUEHNH JJIEKTPONUTAHHUA Ka)Kaas rpynma aepskarejeii 1 mo
pedOpaM NPU3M SYEHCTOI, HAMIPUMEP, IIECTUTPAHHOH CTPYKTYpPbI 00pa3yeT
3JIEKTPOPAa3PsIAHbIIL  HACOC OTKPHITOr0 TUINA, KOTOPbIE CO3AAT TMOTOK C
BO3pacTamieil 0T CTyMeHU K CTYNeHH CKOPOCTHK) HOHU3HPOBAHHOIO
BO31yXa, OMNpeaesisisi PEaKTUBHYK THATY /JBIGKUTEISI B COOTBETCTBUH C
3aJJaHHBIMH YCJIOBHSIMH JKCILUTyaTanuud.  Tak Kak peakTHBHAasi CTpys
ABMOKUTENSI €O34aéTcsl  MYTEéM BOBJIEUEHUS B JBHXKUTE/b OKPYKAKILET0
BO31yXa, TO JaHHOE 00CTOSITEJIbCTBO MPENOTBPAIIAET NMPUMEHEHHEe TOIJINBA
U OKUCJIUTENs, olecrieunBasi HHEPronUTaHue 3a CYET HCHOJIbL30BAHUSI,
HATIPUMEP, JIHEProdJIOKOB SIIEPHOro THMAa WiaH Ap. Tak Kak peakTUBHAS
CTPYSl ABHIKUTEJS CO3JAéT TArYy MO OCH JABHXKUTENs, TO MNYTEM MOBOPOTA
KOpIyca JABHKUTEJsSI BO3MOKHO HU3MEHEHHEe BeKTOpa TSAru BIUIOTH 0
BCTPEYHOr0 HAMPABJIEHUS, HAMPUMeEP, MPH OCYLIECTBJIEHUH TOPMOKEHMUSL
IIo 3asBke NeS064157/11 astop wumeer pemneHue PocnareHTa o Bblaade
nmaTeHTa Ha u3oOpereHue [6].

Jlutepatypa:
1. Beprunckuii ILA. Dnekrporuapasjimueckasi TPyoonpoBoaHasi
MArucTpajib ¢ OTPUUATEJbHBIM TIHAPABIHYECKHUM
COMPOTHUBJIECHHEM KAK MNPUHIUNHAJbHAS TEeXHHYEeCKasi 0CHOBA
pemienuii npupoaooxpannbix 3agau // Co. m.VI «Cubpecypc-2003»,
HNpkyrck, BI'YIIL, 2003.
2. Beprunckuii ILLA. DnexrporuapaBaudeckuii Hacoc // Ilarenr P®
Ne 1824504, BU Ne
3. Beprunckuii ILA. DjaekTpopuabTp AbIMOBBIX
Ne 1837447, BI/I Ne

Cubupckoe, 1996, cTp.122-123.
S. Beprunckuii ILA. Conjio peakTHBHOI0
Ne 2041376 , BU Ne 22/ 1995.
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03. MIPAKTHUYECKUE JHUATIA30HBI BO3MOKHOCTEI
JIEKTPOT'UJIPABJIMYECKOI'O DODPEKTA
Beenenue.

Kaxk U3BECTHO, COIJIACHO COBPEMEHHbIM TMPeICTABJIEHUIM
TUAPOAMHAMUYECKOH Teopuu Cynepno3uiusi YIiapHbIX BOJIH B Cpele He
BbI3bIBa€T 00pa30BaHUSl TMOTOKOB [AHHOH Cpedbl, COMPOBOXKIASICH JIUIIb
nepegadveii JHeprud BOJIH 0e3 MepeMelleHusi BemlecTBa B cpeae [1].
3a HCTOPUYCCKHI mepuoa mnocje (yHAaMEeHTAJbHbIX TpakraroB /I,
bepuyim  «l'mapoaunamuka» / 1738 r./ u JI. Jiinepa «O0mue npyuHIKIBI
ABIGKEHHS1 sKuakocTm» /1755 r/ B rupoauHaMuke c(opMHUpPOBaJIaCh
CHCTEMA YpaBHEHUil JBUKEHHsl CIUIOUIHOI cpeabl (MKUAKOCTH WIM rasa ),
KOTOpPasi pacCMAaTpUBaeT CpeAy U30TPONHOM U THPOTPOIHONM :

dv — 1 - dp

QT Zgadp (1), divv=0(Q2), L =0 (3).
” pgmp() ivy=00Q),— 3)

i1 npakTH4YeCKHX  pacyeToB YCTAHOBUBIINXCH  JBHKEHHId
HEC)KUMaeMoOl KHUAKOCTH Ha ocHoBe YypaBHeHuii (1),(2) u (3) mmpoko
HUCMOJIb3yeTCsl TepBblii uHTerpaa bepHy/uin, yacTHoe pelieHHe KOTOPOro
2
JJISI TPYOKH TOKA KaK Ha puc.l MOXKHO 3amucaTth: %Jr % + gh = Const (4).
Ilo cymecTtBy ypaBHeHue (4) BbIpa:kaeTr co00ii 3aKOH COXpPaHEHUS
JHEPruu B TPyOKe TOKA Cpelbl, UTO COBEPIIEHHO CNPABEIJINBO B YCJIOBHSIX
HEBMeELIATEIbCTBA HU3BHE B JHepreTudyeckuii 0ajlaHCc JaHHOII TPyOKH TOKa .
Nmenno mnodtomy, b.Puman eme B 1860 roxy B cBoem memyape “O
pacnpocTpaHeHuu MJIOCKHUX BOJIH KOHEYHOHl  aMIUIMTyabl “
paccMarpuBasi  pacmpocTpaHeHHe  BO3MYILIEHHII B cpeae, TMpUIle] K
BBIBOJYy 00 00pa3oBaHUM yIapHBIX BOJIH B 0apOTPONHBIX CpeAaxX, TaK Kak:
x=tc(p)+o(p) (5). B coorBercTBUU ¢ BbIBOAOM (5) pacnpocTpaHeHHe
BO3MYIIEHUH TMUIOTHOCTH CPelbl MOKHO MpPeACTABUTH TrpauyecKu Kak Ha
pUC.2, HO C Y4€TOM BTOPOr0 Ha4aja TEePMOJAMHAMHKHI BOJIHbI pa3peeHus
HEBO3MOKHbI , TM03TOMY pPeaJibHO BbINOJHSAETCH JHUIIb MpaBas  4acThb
rpaguka, TO eCThb 3aBUCHUMOCTb KaK Ha puc.3.

M T
—-?
N

Takue BO3MyLIeHUSI B Cpede HAa3bis A
ONMUCHIBAKOIIIAA HX TEOpUd SAIBJISIETCS HeﬁHOﬁ,A D'f% S8
paccMaTpuBaTh HMMITYJIbCHbIE SIBJIEHHSI ¢ 00pa3WsagueM B cpeae 1napo —
ra3o - BAKYYMHBIX MOJIOCTEH, KOIAa MKUAKOCTH @EAe ntAmm.%ﬁ S
CILIOIIHOM HecxxuMaemMoii cpenoii.  Paccmarpusagl Jague HUMIyJIbCHbIe OO
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SIBJICHUSI B Cpeae ¢ MO3UMLHUHA Tra3oBOil JUHAMHUKH, HA OCHOBE 3aKOHOB
COXPAaHEHMSI MACChl, UMIYJbCA W JHEPrUd , Mbl MNPHAEM K H3BECTHBIM
cooTtHomieHusim Penkuna — I'voronuo [1] , koTopbie s MJIOCKOr0 CJiy4dasi
B HEIMOJABUKHOI CUCTeMe KOOPAHUHAT MOTYT ObITh MPEICTABJIEHBI :

p1(D=U1) = p2(D-U3) (6), P1+pUy(D-U)=P2+ poU,(D-Uy) (7),

e- e; = l(P1+P 2) (i - L) (8), rne: D - ckopocTh yaapHOii BOJIHBI,
2 P P2
U - ckopocth cpeabi, a o ,P,e - COOTBETCTBEHHO ILIOTHOCTD, 1aBJICHHUE
U yleJbHASl BHYTPEHHSISI SHepPrusi :KUAKOCTU. 3nech uHaekcamu 1 u 2
0003HaYeHbl  COOTBETCTBEHHO COCTOSIHUA cpeabl Mo 00€e CTOPOHBI
MOBEPXHOCTHU pa3pbiBa. B yacTHOM ciy4dae it mokosieiicss nepea yiapHoii
BOJTHO cpenbl, koraa U= 0 (9) umeem caeacrBusi: p1D = p(D -- U,) (10)
Pi=P, + p, U (D=U;) (1) m ei—e; =~ (P + Py) (- - 1) (12).
2 PP

Otcropa ciaeayer BBIBOA O TOM, YTO NPH YCJO0BHH 00pa3oBaHMS
yaapHoi BoJHbI , T0 ecTb korga D # 0 (13), To umeer mecro U, >0 (14).

Takum o0pa3oM, uUMIIYJIbCHAsl YIapHasi BOJIHA TOPOKIAaeT IBHKEHUE
CILIOIIHOW Cpeabl BO BCe CTOPOHBI , TO €CTh B3PbIB, KOTOPbIii MOKeT ObITH
HAMNpaBJieH , HANPUMEP, HEOAHOPOAHOCTHI) Cpelbl WIH CHeNUAIbHBIMU
TEXHUYECKUMH MPUCIOCO0JeHUsIMH (0TPaxKaTeJIsiIMU , IKPAHAMH U T.IL), TO

eCTh ,paccMarpuBasi HMITYJIbCHBIE ylapHbIe BOJIHBI C MO3HLHHI
HEJIMHEMHONH Tra30BOM JUHAMHKH , MbI NPUXOAUM K BO3MOKHOCTH
o0pa3oBaHUs HANPABJICHHOT 0 BBIOpoOCa cpeabl B Pa3JIMYHBIX

HANPaBJEHUSAX CHCTEMOH eMHUYHBIX B3PbIBOB, KOTOpbIe He MOTYT 3/€Ch
paccMaTpuBaTbCsl B KadyecTBe HeNpepbIBHbIX IMOTOKOB JAAHHOM cpeasbl,
4yTo0 M noaTrBepxkaaercsa caeacrsuem (14) u3 coorHomennii  PeHkuHa -
I'roronmno.

Bmecte ¢ Tem, Kak 3T0 O00HAPYKIJT0CH B H3y4YeHUH
iekTporuapasjandeckoro  3Ppdexra [1] ¢ TMOMOIUbIO MoCJIeAHEro
NpeACTABJSIETCSI  HOBasi  BO3MOXHOCTH TEXHUYECKUMH  CpeacTBaMHu

MOABOANTH HJHEPTrHI0 B MOTOK Cpeabl € YCTAHOBHBIINMCS BHKEHHEM ,
OKa3bIBasi TeM CaMbiM BJIMSIHHE HA JHepreTudeckuii 0aJjia

oosactu cpeapl. bojee TOro, mosydymsam npakTHUECK{R
pa3Jn4YHble YCTPOHCTBA B BHE COCY/0B,
MOBEPXHOCTEH U T.IL , C MOMOIIBI) KOTOPBHIX (PopN
CTPYHU SKUAKOCTU moa AeiictBuem 1 [2]. Q&
Tak kak B paGorax asropa [3], [4], [S] u AN geqﬁkﬁ@ﬁ@eTE@E@ﬂ
JUIIb TEXHHYECKHM pPeHIeHHEM ¢ HCHO0JIb2E eM &7 oro
3JIEKTPOTUAPABINUYECKOro 3(pdexra (IBIKUTENE, HACOCOB Ty, ﬁ&rﬁecs
LCXHHIeCKEXD) DSty , B

HEO00X0IMMO TMPHUBECTH HECKOJbKO TMPHUMEPOR;
KOTOPBIX TeXHHYECKUU pe3ybTaT A0CTUTaeT(l Zga Ccyé
YIIOMSIHYTBIX YCTPOHCTB.
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1.Cnoco® pa3pyuieHus JieASIHOTO MOKPOBa
no narenty Ne 1600204 P® [6]

9 10 o : 67

Puc. 1-1 ’ Puc.1 - 2

N300peTeHne mpeaHa3HAYEHO AJIsl PACIIMPEHUs] HABHUTAIHOHHBIX
CPOKOB B MOJISIPHBIX NIHMPOTAX U BKJIIOYAeT B Ce0sl YCTAHOBKY sl
IEKTPOTHAPABJIUYECKOT0 Ppa3pylieHus JIeIsTHOTO TOKPOBA.

Ha puc. 1 — 1 npuBeaeHa NPUHUUNHAJBLHAS 3JIEKTPOCXEMAa YCTAHOBKH, a
Ha puc. 1 — 2 moka3zaHa cxemMa YCTaHOBKH B Ipoliecce padooThl.

YcraHoBka — pa3MenieHa Ha Oopty cyaHa 1 J1e10KOJILHOr0 THNA U
BKJIOUAET B Ce0S1 IHEProyCTaHoBKY 2, 0JIOK 73JIeKTPONUTaHUS 3, HACOCHYIO
ycTaHoOBKY 4, omopy 5 co cTpeJioii 6, HAa KOTOPOil BbIHECEHBI KOHeIl Kalesst
7 oT 0J10KA JIEKTPONUTAHUA 3 U KOHell HLJIAHIa 8§ 0T HACOCHOI YCTAHOBKH
4. Komnen Kabdeass 9 mNPOTHBOMOJIOKHOTO moJIrca ¢ TMOMOUIbIO
JAOTOJIHUTEbHOI onopsl 10 onyiieH B BoAy 3a OOPTOM M TaM MPUCOEINMHEH K
miaacTude - iektpoay 11.Konen muianra 12 or BcachiBawmero mnarpyoka
HACOCHOW YCTAaHOBKM 4 TakiKe ONyIleH B BOAY 3a 0OPT M CJOYXKHUT
Boao3a0opom. Ha xoHue xabenss 7 mpucoeauHeH MacCUBHbBIN »Jjektpoa 13,
HanpuMep, WAapPoodpa3Hoii dpopmbl, KoOTOpBIH pasMelnaercst HA
pa3pymaemoii JbauHe 14.

IIpu nmoaxoae cynHa k JabauHe 14 HacocHoil ycTaHoBKol 4 3a0opTHas Boaa
3aJuBaerca Ha JbauHy 14, Ha Heé ycTraHaBauBaercs:i JJekTpoa 13 m
BKJIOYAETCSl  JIeKTPHUYECKHUil pa3psii MO0 NOBEPXHOCTH JibLAUHBI 14 u eé
MHKPOTPENIHHAM, KOTOPBIii pa3pymiaer eé Ha MeJKHe KYCKH, MO3BOJISIA
CYIHY TIPOAOJLKATH TMPOJABHKEHHE T0 KypCy /[0 BCTpPeuYH ¢ O4YepexHOi
JapauHoil 14 1y moBTOpeHUs €rocoda Mo ONMUCAHHOMY.

2. DnekTpouckpoBoii yr no nareHty Ne 142820\ )i

M306peTeHne MO3BOJISIET PA3BHBATH BBICOKYIO R OEITB TR DL E Ot
HA TEePEeYBJIA’KHEHHBIX TUIAHTAIUAX U NPeTHA3HARE A%O}mnﬂ 0e30TBaJIbH ol
00padOTKH MOYBBI. &
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Ha puc. 2 — 1 moxa3an o0uuii BUJ mJiyra c0oKy, Ha puc. 2 — 2 - ero
NPUHUMITHAJIbHAS JJIEKTPOCXeMa, a Ha puc. 2 — 3 - NpoAoJbHBIN pa3pe3
KOpMyca 1jiyra mno ocu.

Ilayr cocrout u3 Kopmyca 1, HA KOTOpPOM pa3MellleH KOHHYECKHii
JEKTPOA 2, IEKTPUUYECKH COCAUHEHHBbIH TmpoOkoil 3 , TpyOkoid 4 wm
MPOBOAOM S ¢ UCTOYHHKOM JIEKTPONMUTAHHS HA 00pTy MamuHbl. Bropoii
JIEKTPOA B BHJE KOJIBIIA 6 ¢ BBHIBOAOM 7 HA H30JA9TOpe 8 M HM30JIHUPYHOIINX
npokJjaakax 9 u 10 oopasyer ¢ nmepBbIM JIEKTPOAOM 2 3JIEKTPOPA3PSTHYIO
napy. Kopnyc 1 niiyra nmpuxpenJieH K Hecyleii croiike nuyra (He rmoka3aHa)
¢ MNOMOIIbK BepTHKAJbHOrO Hoxka 11 ¢ OGoprukom 12. HctouHuk
YIEKTPONUTAHUA  COCTOUT W3 THIIOBOTO TEeHEpPaTopa NepeMeHHOro
TOKa (He moKa3aH), TpaHcpopmatopa 13, apoccenss 14, Oarapeu
KoHAeHcaTopoB 15 u ¢dopmupoBarenss paspsinos 16 ¢ apurarenem 17.

Ilpu BKJIIOUEHNH JJIEKTPONMUTAHHUS HAa 3arjIyOJIeHHBIHA TUIYT  MEKIY
3JIeKTpoaaMu 2 u 6 ¢ 4yacToToil , ompenesisieMoii CKOPOCTHLIO BpallleHHs
asurarenast 17 , ocymecTBASHOTCS IeKTPUYECKHE pa3psaabl  depe3
MOYBEHHBIH CJIOH, yIapHbIe BOJHBI OT KOTOPBHIX Pa3pPLIXJISIOT IMOYBY,
O/THOBPEMEHHO 00Jieryasi TPOABHKEHHE TLIYra 1mo Xoay MAaINHBI.
Perymupysi cKOpoCTh pa3psiioB U BEJIMUYHHY JJIEKTPHYECKOT0 HANPSLKEHUS
B 3aBHCHMOCTH OT KOHKPETHBIX YCJIOBHI JKCIUIyaTalluH, TOCTHTAETCS
ONTUMAJIbHBIA pexuM 00padoTKH MOYBBI.

3.JnekTporuapaBJIuYecKuil CyJ10BOii IBUKUTEIb
no nateHty Ne 1213645P® [8].
4

Al

Puc.3 -1 Puc.3 -2 Puc.3 -3

HN300peTenue npeIHA3HAYEHO JIsl COo00IIIeHUsI ABHOKEHUSI CyaAam
npeuMyIliecTBeHHO moaBoAHoro tumna. Ha puc.3 — 1 nokazan oO0wmmii BUa
ABMKHUTENsE COOKY, HA puc.3 — 2 mMnoKa3aHa cXeMa MOHTaxkKa pa3psAHbIX
3JIEKTPO/IOB, 2 HA puc. 3 — 3 mNpuBeJeHa NPUHIMIHAJIbHAS 3JJIEKTpocxemMa
JABHKUTEJISL.

JIBH:KUTENIL  COMEPKUT oO0Tekaemblil kopmyc 1,
KOTOPOro B mMpo0Kax 2 pa3sMelleHbl 3J1eKTPopa3ps
, COeIUHEHHbIEe ¢  HCTOYHHKOM IEKTPUUIECK

HanpsokeHusi Ha Gopry  cymHa.  Cxema coegudf ”ﬂﬁg@ﬁﬁ%
X

BBIITOJIHCHA (l)a3HLIMI/I nmapamMmm ¢
VERS ION

CTOpPOH Kopmyca 1.
I[Ipn BkJIWYEHHMH  DJIEKTPONMHTAHHS my
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3. Comio pakeTHOro JABHIaTeJIst
no nareHty Ne 2041376 P®D[9].

N3o0peTenne mpeaHA3HAYEHO [JIS TMOBBIIIEHHS] TSTH PEeaKTHBHBIX
ABUTATE/IEH Pa3JUYHBIX KOHCTPYKIHII U MOXKET OBbITh HCMOJb30BAHO B
KOCMOHABTHKE W PEaKTHUBHON aBHAIIMM ¢ WeJbIH) CHIDKEHHSI Pacxoaa
paGodero BemecTBa , HATIPUMEDP, B YCJOBHSX TMPHMEHEHHS] B KadeCTBe
O0OpPTOBBIX JYHEPrOyCTAHOBOK SIIEPHBIX PEAKTOPOB.

{\

) A48 §cC N

| N\ 5 el -3
Ot P it [
A & ?u’ 17};]" Lt : —
!
3 m . 57~ -~
A ‘8 ‘¢ I\Z ot \4
Puc. 4-1 Puc.4-2 Puc.4-3

Ha puc. 4 - 1 noka3aHa npuHUMIHAJILHAS 3JIEeKTpOCcXeMa CoIula, a Ha
puc. 4 —2 u puc. 4- 3 COOTBETCTBEHHO TMoOMEPeYHbIl U MPOAOJIbHBII
pa3pe3bl COMJia AMaMeTPAJIbHBIMH TIJIOCKOCTSIMH.

Comio 1 cBepx3BykoBOro mnpoduiasi pasMelieHO B Kopiyce 2, BHYTpHU
comia 1 Ha KkpoHmTeiiHax 3 00TeKaeMoro cedeHHsl COOCHO YKperUieH
oTpaxkare/ib 4 o0Tekaemoro mpouwis ocHoBaHueM K Bbixoay coruia 1. Ilo
KOJILIIEBOMY  CE€UEeHHI0  OTpaxkarejss 4 Ha ero KOHHYECKOil  4YacTu
pa3MeleHbI JIEKTPOPA3PsiIHbIE MAPbl  WIEKTPOAOB S  mHorogasHoii
CHCTEMBI MO ABEe OAHO(MA3ZHBIX TMApPbI  WIEKTPOAOB € JAHAMETPAJIBLHO
MPOTHBOMOJIO)KHBIX  CTOPOH orpaxareiisi 4, KOTOpble COeIHHEHBI C
HCTOYHHUKOM MHOT0()a3HOT0 UMITYJILCHOTO TOKA HA THPUCTOPA]
menb yNOpaBJieHHsl KOTOPBIX  BKJIOYEH (opMupoBayNis
peryJjupyemMoii 4acTtoroii (CKBa’KHOCTHK) '
YIOPaBJsieMoro JjeKTpoasurareass /IB. ¢ KoMMQEVM,
enyu ynpaBJIeHUs] THPHCTOPOB. 6

Ilpu BKJIIOUEHUM JJIEKTPONUTAHHUS PA3PSIF ; 7
MeXKAy JJaekTpogamMu  (a3HbIX map depes
CTpyu OCYIIECTBJISIIOTCA  JJIEKTPUYECKHe 3aJaHHOI
MOCPECTBOM  ynpaBJjsieMoil jasurarteaem J{ oﬁplgﬁawﬁme
NaBJICHHS] YIAPHBIX BOJIH 0T SJIEKTPHUECKHX JEdSEs0R, Oaq Rekiis 1 S
MPOTUBOMOJIOXKHBIX JAUAMETPAJIBbHO CTOPOH ejisi 4 Bo3pacTaetQ
TATA JABUTATEJS C COOTBETCTBYIOIINM YBeJIMYeHHUIY lcﬁe%ocnl HCTEHeHKs
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peaKkTHBHOI CcTpyu u3 comuia 1.
S.Hacoc snekTporuapasinyecKuii
no 3asiBke Ne 4167272 /29 Pocnatenra [1]
Hacoc npeaHazHayeH AJisl CO3JaHMS HATIOPA B arpecCHUBHBIX padoumx
cpeaax, HoO3ITOMY MOXKET ObITh HCIOJIB30BAH B IEKTPOMETAJIY Pruu
aJIIOMUHUS, B JHEPreTHKe IJI TUAP030J10yJaJIeHUs U T.1L.

Pt

Puc. 5-1 (®ur.1 c.41 o [1]) Puc. 5-2 (®ur.2 c.41 no [1]) Puc. 5-3
(Pur.3 c.41 no [1])

Ha puc. 5 — 1 moxka3zaH mpoaoJibHBIH pa3pe3 Hacoca IO ero oCH, Ha puc. 5
—2 mMNo0Ka3aH nmomnepevyHblii paspe3 oTpaxkaTesas M0 KOJbIEBOMY CEUYEHHUI)
Pa3psiIHUKOB, 2 HA PUC. S — 3 MpUBeleHA NPUHUMNHAJILHAS 3JIEKTPOCXeMa
Hacoca.

Hacoc cocTouT u3 KoHU4YecKoro kopmyca 1 ¢ BxoaoM 2 u BbIX0AOM 3,
BHYTPH KOTOPOr0 COOCHO  pa3MelleH KOHMYeCKHil oTpaxareabr 4 Ha
KpPOHIITeliHAX S o00TekaeMoro  ceueHusi, CHaOKeHHbII  cdepuyeckum
ocHoBaHueM 6. HanpaBjeHusi pacTBOpoOB KOHycOB kopmyca 1 wm
oTpaxarens 4 BBIMOJIHEHBI  MPOTHBOMOJI0KHBIMH, 00pa3ysi padco4ylo
KaMepy  MeXIy /JByMsI KoHuU4Yeckumu mnoBepxHoctsmu 1 u 4. Ha
oTpaxkarejie 4 B 3JEeKTPOM3OJUPYWINUX TMPOOKax 7  yKpeIuleHbl

JIEKTPOPa3PsiIHbIE da3Hble  mapbl JIEKTPOAOB 8, coearHEHHbIE
AUAMETPAJIbHO TPOTHBOMOJOKHBIMY MapaMH K COOTBETCTBYOIIUM (da3am
MHoOroga3Horo HCTOYHHKA JIEKTPONUTAHUS c MOMOIIb IO

JIEKTPOU30JTHPOBAHHBIX MPOBOAOB 9 B MOJIOCTAX KPOHINTEHHOB 5.
Ilpy BKJIOYEHUM  JJIEKTPONUTAHHMST HA pa3psaaHuUKu 8 yaapHbie
BOJIHBI OT JJIEKTPUYECKUX Pa3psIoB uepe3 padouyrw cpeny

BBIX0Ja U3 HACOCA, MPOTAJIKUBasi padouyr cpeny B/
6.251eKTporuapaBanvecKuili Npcgs

>
pasr1] W
M300peTeHue nmpeacTaBiasger co00il MOLIHBIANIES ?a@@(ﬁ@?@‘,@@@x %

] P 3pﬂna%§ 'l!la;f\”OHO
MOKeT ObITh MHCMOJB30BAHO /JIs1 TMOABOJHLI XN Pa3padéoToK § ‘d, IIpH

pacuncTke (papBaTepoB, B3JIOMA JIEA0BBIX NOKU:0B U T.IL.ATNITS NO
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Puc. 6 - 1(®ur.7 ¢.85 no [1])
Ha puc. 6 — 1 nokazaH BapuaHT cXeMbl PadoThl MPOKEKTOPAa B KaUeCTBE
JeaojoMa , Ha puc. 6 — 2, puc. 6 - 3 u puc.6 - 4 CoOOTBEeTCTBEHHO MOKA3aHBI
o01Hii BUA COOKY KopIyca

Puc. 6-2 ("(I)nr.l c.85 no [1]) Puc. 6-3 (Pur.2 c.85 no [1]) Puc. 6-4 (Pur.7 c.85 no [1])
MPOKEKTOPA, pa3pe3 Mo OCH MNPoxKEeKTopa ( COMmIo0 HA pUC. 6-3 YCJI0BHO He
pa3pe3aHo) u cxemMa 00pa3oBaHHsl JIyuya YAApPHBIX BOJIH , HA puc. 6 — 5 u puc.
6 — 6 moka3aHbI CXeMa MOHTA’a »HJIEKTPOJAOB HA O0TpPakaTesie U BHEIIHUIT
BUJ COOKY OTpaxkaTejisl C 3JEKTPOJAaMHU, a HA puc. 6 — 7 npuHIMNHAJILHAS
3JIEKTPOCXeMa MPOKEKTOopa.

IIpo:xkekTOop cocTouT w3 Kopmyca — yamm 1 ¢ npoymuHamu 2 u
mangavu 3. BHyrpu kopmyca 1 coocHo  yKkpemeHbl oTpakareib 4
KOHUYECKOHl (POpMBI ¢ ?3JIEKTPOM3OPUPYHOINHMH NMPOOKaAaMH S, B KOTOPBIX
YKpeIuieHbl  JJIeKTpPoAbl 6 pa3psifHbIX map ¢ BbIBOJaMH 7 4epe3
JIEKTPOU30JMPYOIIUIT KaHAJ 8 K HCTOUYHHUKY 3JIeKTPONUTAHHMSI Ha 0OpPTYy

CyaHa.

VERSION

- €.
67 (@i R
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mwradr 11 u ruaponpuBoaa MNPoKEKTOP B cOOpe yCTAHABJAUBAeTCH IO
MeCTy NpUMEHeHUusl, HarpuMmep, Ha Oopty cyaHa 12 u 1. m.

IIpu BKIWYEHHH 3JIEKTPONMUTAHHUS HA Pa3pPIIHUKHU 6 B Hux
OCYLIECTBJIIIOTCH JJIeKTPUYECKHE pa3psiibl Yepe3 BOAY, 00pa3ysi ylapHble
BOJIHBI, KOTOPbIE B Pe3yJIbTaTe 0TPAa)KeHHsI 0T MOBEPXHOCTEll oTpaxarens 4
u comia 10 oOpasyror oO0mumii ppoHT B HAmpaBJIeHHMH PpacTBOpPa Kopmyca
1, a ruaponoTrokm , HUpKyJupys BHyTpu comia 10 wu BHe ero,
KOMIIEHCUPYHT  Japyr apyra. B pesyabrare MPOKEKTOP  CO3AaéT
aKyCTUYECKHIl JIyu JaBJjieHHsl B HaMpaBJieHHd W3 pacTBopa kopmyca 1.
7.9nekTpopa3psanblii mucToJet no 3asaBke Ne 92006414/28 PocnarenTa [10].

N300peTeHrie OTHOCUTCS K MHEBMOUHCTPYMEHTY U TNPEIHAZHAYEHO A4

. 00padoTKN Ppa3IMYHBIX MAaTEpPHAJIOB,

\d]«vyw e X /f - 03 TOMY OHO  MOKeT ObITH

D__j;.J L__,’ —¥ ' ', HCHO0JIb30BAHO AJS1  BBINOJHEHUSA

< _/ oTBepCcTHH B JKeJIe300eTOHHbBIX

J, T oo T T HU3/1eJTUAX, B TOPHOPYAHBIX

Vst e 2 pa3pa0oTKax, Ha [OPOKHBIX padorax
U T.IL Ha pwuc. 7-1 mnoka3zana

Puc. 7 - 1(®ur.3 ¢.85 no [1]) npuHHMNUAAbHAS 3JIEKTPOCXeMa
JIEKTPOPA3PSIAHOT0 TMHCTOJIeTa, Ha Ppuc.7-2 u puc.7-3 Ccoo0TBETCTBEHHO
MOKAa3aHbl MPOAOJIbHBIA pa3pe3 WIWINHAPA U KOPIyca MUCTOJIETA W €ro
o0mmii Bua cooky. Ilucrosier cocrout U3 HampapJsiromero nuanHapa 1 co
IITAHTAMHU 2, CHA0KEHHOTr0 pykKoATKamMu 3 u 4 MaHUNYJIUPOBAHUST U
COeTUHEHHBIX ¢ OJIOKOM 5 ynpaBJjieHHSI 3JIeKTPONHTAHHEM, HMEKINEro
MyCKOBYK) KHONKY 6 Ha pykosatke 4. B unmuwamuape 1  pasmemeHn ¢
BO3MOKHOCTBH)  CKOJIbKEHHSI  TIOJIBIH 0aJLUIoH 7, BHYTPH  KOTOPOTO
pa3MelieH ¢ BO3MOKHOCTHH) BO3BPATHO — MOCTYNATEJLHOI0 CKOJIbYKEHUS
nopuieH> 8  CHA0MKeHHBIN  JJIEKTPOU3OJUPYHOIIEl  mnpodkoii 9 m
paspsianukom 10 ¢ dopmupoBaresem paspsigoB 11, coeauHeHHBIX ¢
O0JlokoM 5 ympaBjieHUsl JJIEKTPONMUTAHHEM  JIEKTPOU30JIHPOBAHHBIMHA
ruOKuMHE mpoBogaMu 12 depe3 3J1eKTPOU30IHPYIONIYI0 TPoOKy 13 B cTeHke
oasuioHa 7 u nHeBMokamepe 14 mexxkay mnopmHem 8 u cTeHKoil 0aJsuloHA
7.

Puc. 7 -2 (Puc.2 no [10])




Ha BHewHeil moBepxHocTtu ©OajuioHa 7 pa3sMelleHbl OrpaHUYHMTE U
15 B BuAe mnoJIyKoJiel, cliepea KOpImyca 7 BbINOJHEH KOHUYeCKHUii
aepxkaresb 16 padouero uncrpymenra. Pesucrtop R u tupuctop T B cxeme
YIpPaBJeHUs JJIEKTPONUTAHHEM [HCTOJIETA  COEIHHEHbI ¢ HCTOYHHKOM
JJIEKTPONUTAHUS THNOBBIM  KalOegem 17, meriism 18 koroporo mexny
OslokoM S5 U 0aJLUIOHOM 7 BbINOJIHEHA THOKOH W3 MHOI0KHJIBHBIX
MPOBO/IOB. DINeKTPoa 11 dbopMmupoBarenss paspsiaon BKJIIOUYEH
MoCJe10BATEIbHO € MYCKOBOI KHOMKOI 6 B 1lenb ynpaBjenus tupucropa T
CXeMbl YyIpaBJieHUus diekTponuTaHuem nucrojera. [losocts 0asuioHa 7 Hajg
nopuiHeM 8 3amosiHeHa padoueil KIUAKOCTBIO.

C nomMombHw PpPYKOATOK 3 uW 4 MAHUMYJUPOBAHUS TMHCTOJET C
pado4YuM HHCTPYMEHTOM Ha Jep:xkateje 16 npuxumMaT K oOpadaTbiBaemMoii
MOBEPXHOCTH M HAKMMAKT TMYCKOBYK KHOMNKY 6, KOTOpasi 3aMbIKaeT LeNnb
ynpasjieHuss tupucrtopa T , oTkpbiBasi ero Ajsi 3JIEKTPONMUTAHMS
paspsianuka 10. Ilocae 3jeKTpu4YecKoro paspsiia MexIAy 3JeKTpPoJaamMu
paspsiaauka 10 depe3 padouyrw SKHAKOCTH BOKpPYr 3Jekrtpoaos 10
o0pasyeTcsi Mapo-ra3oBblii  MYy3bIPb 3JEKTPO-THAPABJINYECKOro 3¢ dekxTa,
yAapHasi BOJIHA KOTOPOro no cpepudeckomy GpoHTY pa3aBuUraetr IMoJIoCTh
skuakocTu 19 , oToaBUrass mopmeHs 8 B NPOTHBOMOJIOKHBIN Kpaii 0a/L10HA
7, a cam 0aJuUI0H 7 MpH 3TOM CMeHIAEeTCs BMeCcTe ¢ Pado4YuM HHCTPYMEHTOM
Ha nepxatesie 16 B oOpatHom HanpaBJjenuu. Ilociie pacmmpeHusi napo-
razoBoro my3nipsi BOKpyr pazpsiaauka 10 go siaextpoaa 11 ¢popmupoBaress
pa3psiioB Lenb ynpaBJIeHUs Tupucropa T npepsiBaercs, TUPUCTOP
3amUpaeTcd U MpPH CXJIONMbIBAHUU Mapo-ra3oBoro my3pips MNoplieHb 8 wu
0a/uloH 7 BO3BpPAlIAIOTCH B MEPBOHAYAJIbHBbIE MOJIO:KeHHsl. Tak Kkak
KuAKoCcTh 19 mocye 3aBepuieHuss  ¢asel I cHoBa 3aMbIKaeT 1LeNb
ynpasJjieHusi d4epe3 dJjekrpoa 11 ¢opmuposarenss paspsaaos, To npu
3aMKHYTOIl KHOMNKe 6 mpouecc padoTbl MOBTOPSIETCS ABTOMATHYECKH.

Tak kak npum cMemeHHd NMOpmwHA 8 u Oa/loHa 7 LeHTpP mace
MUCTOJIETA OCTAETCH HeMOABUKHBIM, TO KoJle0aHusl Oa/LuioHa 7 ¢ padouum
HHCTPYMEHTOM Ha JeprkaTtesie 16 He
NnepeaTcsl HANPABJISIOIIEMY LHOUHAPY 1 ¢ pykostkamu 3 u 4
MAaHUITYJIMPOBaHUsI, o0ecreunBasi BUOP00E30NACHOCTh NHULTOJEGTA

radapuTHbIe MOKA3aTeJ Il YCTAHOBOK.

VERSION
ADDS NO
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pue 1 ouad
Puc. 8 — 1 (®@ur.1 no [11]) Pnc 8 —21 (®ur.3 mo [11])
Ha puc. 8-1, pwuc. 8-2 U puc. 8§ — 3 mokazaHbl COOTBETCTBEHHO

NMpoA0JILHBIN pa3pe3 Mo ocu ABHrateyass u ceuenuss mo A—-Aunob-b
puc. 1, a Ha puc. 8§ — 4 nMoka3aHa ero NPUHIUMHAJIbHASA 3JIEKTPOCXeMa.

A-A
ppTss VT IIIIS 42:‘ :’ -.’:’i;
N :
¢ 4 7 7‘? ST yrp
j 4 / lL 'RL \
/ 4 \ 1
[l . 11 21'1111 \% —T
@ue.2
Puc. 8 - 3 (®ur.2 no [11]) Puc. 8 — 4 (®ur.4 no [11])

JlBUrarejib COCTOUT H3 Kopnyca 1 B Buje eMKOCTH HAa OCHOBAHUM 2 M
natpyoka 3 ¢ kpbimkoii 4. B kopnyce 1 B moamumHUKax 5 CKOJIbKEHUSI C
rHAPaBJIMYECKHM YIUIOTHEHHEM Ha BaJy 6 u 3J1€KTpOI/I3OJII/IpyIOHIeI/I npooe 7
pa3MelieH poTop u3 pabodeii 8 u BcHomMorarebERid

COeIMHEHHBIX Mexkay co0oil 3akiaénkamu 10 u KOHKE)

crynenu 8. Jlomactu 12 cryneneii 8 wu 9 umeror K25
OPUEHTHPOBAHBI B MPOTHBOIOJIOKHBIX HAMPaBJIeH Jepe3 npoOKy

BpiBOdamu 13 u 14 paspsaanuk 15 ¢ ‘bol’&%tﬂg@-@ﬁ“g]@

NOAKJIKYCH K HCTOYHHKY JJICKTPOIIMTAHHUHA B I{@)TI/IHOBOFO re¢kaeparopa

o
0
7

UMIyJbcHOTO Toka. [lomocte kopmyca 1 3an(y HEREIRMN B0
17 ¢ oOpazoBaHuEM Ha/l MOBEPXHOCTHI KUAKOCK ﬁ" e
Ilpu BKJIHOYEHHH HJIEKTPONUTAHUSA \ 6 paapﬂsz

KOTOPOT0 BBITECHSIET Pa0OUYIO KHAKOCTH HYepe3 Cu 11 u3 CTyneHn 9 O
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B CTyNeHb 8 U Yepe3 comvia-ueau Mexay Jonacrsimu 12 B crymeHs 9 u3
ctyneHn 8, cozpaBas Jionactamu 12 peakTUBHBIII MOMEHT BpallleHUS
poTtopa Ha BaJjy 6, ¢ KOTOPOro oTOMpPaeTcss MOIHOCTh HA MCHOJHUTEIbLHbBII
MEXaHH3M.

Tak xak mocse ¢asnl cxyonpiBanusa JI'D  padouass KUAKOCTHL CHOBA
3amoJIHAeT  MOJIOCTh  CcTyneHeddh 8 um 9, 3ambikasi 4epe3 cedsi  uenb
dopmupoBarens 16 paspsaoB, TO padouwii UK 10 OMHCAHHOMY
MOBTOPSIETCSI ABTOMATHUYECKH B TeYeHHE BCEro BPEeMEHHU JJIeKTPONUTAHMS
ABUTaTeJIs.

Takum 00pa3om, onuUcCaHHbIe Bblllle NMPUMEPDbI, YUCJA0 KOTOPBIX MOKHO
YBEJMYHBATH 10 KOHKPETHBIM TEXHHYECKHM 3aJaHHUSAM, N300peTeHHii ¢
ucnoJib3opanemM 1D nocTtaTouHo y0eauTe/JIbHO MOKA3BIBAKT  BbICOKYI)
3¢ PeKTHBHOCTL 3TOr0 HOBOr0 KOHCTPYKTHBHOIO pPelIeHUS.

Jlutepatypa:

1.Beprunckuii ILA. I1. Dnexrporuapasauka, r. Ycoabe-Cudupckoe, 1996, 144
c.

2.Beprunckmnii ILA. IloBbimenue 3(ppeKTUBHOCTH HJIEKTPOTrHAPABINIECKHX
CHUCTEM ¢  HCIOJIb30BAHHEM KYMYJSITHBHOIO 3JIEKTPOrHAPaBINYECKOr0
s¢pdexra // Co. matep. V «Cudpecypc-2002», Upkyrck, HI'IA, 2002,cTp.49.
3.Beprunckuii  ILA. DJIeKTporuapaBjinyecKasi TPyOONPOBOAHASA
MATUCTPaJib ¢ OTPULATEJbHBIM THIAPABJIUYECKHM CONMPOTHBJIEHHUEM KAK
NPUHIUNHAJIbHAS TEXHUYECKAasi OCHOBA  pelleHuil NPUpPOoA00XPAHHBIX
3ana4//Co. mar. VI «Cuodpecypc-2003», Upkyrck, BI'YIII, 2003,c1p.296-307.
4.Beprunckuii IILA. Bo3moxxkHble nyTH o0ecnedeHUs IKOJIOTHUECKOil

0€e30MacHOCTH  TEXHOJIOTHII B JIEKTPOMETAJLIYPruu amovunus // CO.
marep. VI «Cubpecypc-2003», Upkytck, BI'YIIL, 2003 ,cTp.273-282.
S.Beprunckuii ILLA. Dxojgoruveckue npooJeMbl JHEPreTHKH H

nepcneKTUBbl  UX pelneHuii // k.. «MexaHm3auus CTPOUTEILCTBA» Ne 3 /
2004, cTp.17 - 22.

6. Beprunckuii I1. A. Cnioco6 pa3pyuieHus JjeasHoro mnokposa // IlatenTt Ne
1600204 PD, BU Ne 2/ 1995

7. Beprunckuii ILA. Daexrpouckposoii muiyr // Ilarent Ne
Ne 37/ 1988

Nel1213645 P®, BU Ne 2/ 1995
9.Beprunckuii ILA. Conjio pakeTHOro IBHUrals
P®,BU Ne 22/ 1995.

92006414/28 PocnarenTa /NJI Ne 36/93, IIHTH,}d Upkyrck, 1993.

11.Beprunckuii ILLA. IlneBmo — »3jekTpor J\nnnqecmﬁD)ﬁpg”aNe@) /!
IlaTtent Ne 2027064 P®, BU Ne 2/ 1995
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04. DJIEKTPOI'MJAPABJIMYECKAA TPYBOIIPOBOJAHAA MAI'NCTPAJIb
C OTPHLOATEJBHBIM T'UAPABJIUYECKUM COINPOTUBJIEHUEM
KAK INPUHIUITMAJIBHASA TEXHHUYECKAA OCHOBA

PEINEHU ITPUPOTOOXPAHHBIX 3AJTAY
I.Bcrynienue.
ABTOpY YyXKe MpPUILIOCH B TMPOULIOM ToAy Ha 3Toil KoHdepeHIUU
«Cubpecypc-2002» noka3biBaTh TeopemMy 0 (QpPoHTe yIapHOil  BOJIHBI
KYMYJSITHBHOI'0 XapakKTepa, HO 3/1eChb HEe00X0AMMO CHOBa TIPHBECTH ee
popmymposky:

Cynepno3uyus__yOapHulX _B0JH 6 _CPe0e _NYymem BKIIUECHUSA 0UepPEeOH020
UCMOUHUKA 8 MOMEHM_NPOX0HCOCHUA uepe3 _Hezo (DpoHma yOapHOll _60.J1Hbl
Om_npeosvloyulezo0 UCMOYHUKA _00pa3zyem __pe3yabmupyrouiit _ ()poHm_60.J1Hbl
KyMYJIAmueHo20 _xapaxkmepa. /1/

I -1.2nekTporuapaBianyecKue HacoOChI.

B kadecTBe MNPaKTHYECKOr0 TPHJIOKEHHSI HTOH TeopeMbl  371eCh
PACCMOTPHM CEpPHI0 JIEKTPOTHAPABJIHYECKHX  HACOCOB /2/, TaK KaK Bce
OHU MOTyT ObITb TNpeACTaBJeHbl OJHOIl U TOil ke NPUHUMIHAJIbLHONI

3JIeKTpocxemMoii, wu3o0OpaxenHoii Ha  puc.l-1. B cymnocTm Takas
MPUHIMTTHAJIbHAS JIEKTPOCXeMa c 0J10KOM JIEKTPONUTAHUS
4 e IpeacTaBJISIET co00ii
/\6\—‘ reHeparop HMITYJIbCHOI'O
g TOKA ¢  pa3ieJbHBIMH
datapessMH  KOH/JEHCATOPOB
pi i L Pa3pSTHUKOB.
KoHcTpykTHBHO TaKas
i_.“‘_u IEKTPOCXeMa MOXKeT ObITh
5 BBITIOJIHEHA  KAaK MOKAa3aHO
Lo ~nma  pucl2 wu pucl-3, a
 HEKOTOpbIe BO3MOKHBIE
Puc.I-1 IlppHuunmaabHas YJIeKTPocxeMa ¢bopMupoBaresn pazpsiioB
ISKTPOTUAPABJIHYECKOr0 HACOCa nokazanbl Ha puc.l-4, puc.I-5

u puc.d-6 /2/. Hacoc coaepxur Kopnyc 1, 0J0K 3JjieK]

Mo TPH PABHOMEPHO T0 KPYroBbIM CEYEeHHSIM KOp
3 paspsaaoB  MOryT  ObITb BbITIOJIHEHBI
MOJIyIMPOBOAHUKOBOI0 THMA C BbIBoAaMu 4
Jufo0 B BU/E MbE30ITEKTPUUECKOT0 JAaTUHKA, QREV
Jau00 B BHAE MPOBOJAHUKOIOBOI0 CTEepP:KHSA 3

Hacoc COIEPKUT kopnyc 1, OJok
ycTpoiictBa 2, pa3MellleHHbIe B 3JIEKTPOU30.k
PaBHOMEPHO TI0 KpPYIrOBbIM CeUeHHSIM KoOpIl
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MOJIyNpPOBOAHNKOBOI0 TUMA ¢ BbIBOJaMU 4 uepe3 MpPoOKY paspsiAHUKA 2,
Ju00 B BHJE Ibe303JeKTPHYECKOro AaT4YMKAa, Pa3MeIleHHOr0 aHAJOrH4YHoO,
Jud0 B BuAe MPOBOJHUKOIOBOI0 CTepHS 3 B NpoOKe pa3psiiHUKA 2.

A ‘ AZA
— 6 4 7 573
J
888
e ht
A . g Z 7
Puc.I-2. IIpogoabHblii BUA Kopmyca Puc.I-3. Ilonepeunsiii Hacoca
¢ Y BbIpe3’a paavaJIbHLIMH pa3pe3 Kopryca Hacoca
miockocTsiMu ( Pur.1 mo ucToYHUKY 3 ) ( Pur.2 no HCTOUYHUKY J)
] )
4 7 2 % 77
N 7
% %
)( i ><>< X
A % ¢ X,
X
| 2N
g
g
Puc.I-4 IIponoabneiii paspes Puc.I-S. llpoponasnbi paspes Puc.l 6.Ilonepeunnbrii
(¢opmuposaresisi pa3psaaos (¢opmupoBaTens paspsagos  paspe3 IMyCKOBOIo
TEH30Pe3HCTOPHOT0 THIIA 3JeKTPOJHTHYECKOro Tuna  ¢opmupoBares
(Pur.3 no uCTOYHHUKY 3) (Pur.4 no MCTOYHUKY 3) (Pwur.S no uCcTOYHUKY 3)

Hacoc COAEPKUT kopmyc 1, 010k  DJIEeKTPONUTAHUS,
ycTpoiicTBa 2, pasMelmeHHbIe B JJIEKTPOH30JIHPYIOIIHX '
PABHOMEPHO M0 KpYroBbIM ceueHHsiM Kopryca IROTwmm bR

pa3psiioB MOTYT ObITb  BBINOJTHEHBI IS Ter30pe3ncTod
WOKY paspsaHuka 25,

MOJIYIIPOBOIHUKOBOI0 THIIA ¢ BHIBOAAMH 4
Ju60 B BHAE MbE303JIEKTPHUYECKOr0 JaTYHKA, | RbOIShERED,

Judo B BujJe MPOBOJHUKOIOBOr0 CcTepxHs 3
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a BTOPbLIM BBIBOJAOM CJIY:KHT MeTa/ul Kopmyca 1 ¢ o0mmM BbIBOAOM 7.
B ciaydae BO3MOXKHOro HUCHOJIHeHUs Kopmyca 1 U3 AUBJIEKTPUKA KaM bl
pa3psiIHUK 2 HUMeeT CBOil BBIBOJ , coearHeHHbIH ¢ kaemmoii 7. IlyckoBoii
¢popmMupoBarenb 8 paspsaos B  BHJe TEH30Pe3ucTopa Win
nbe303JIeKTpuKa ¢ kjaapumeid 9 u mapuxkom 10 wumeer BoiBOALI 11 u 12
, COeIMHEHHbIEe MNapa/uleJibHO nepBomy dopMupoBaTe o 3 pa3psaoB.

Ilpu BKJIHOYEHUM JJIEKTPONMUTAHHSI HA Pa3spSAHUKH 2 yJapHbie BOJIHbI
pacnpocTpaHsilOTCs  BA0Jb KaHAaJa HAcoca , CBOMM /JaBJIEHHUEM MO
¢pouty BO3aeiicTBYylOT Ha ¢opmupoBaTesid 3 Ppa3spsaoB oOUYepeaHbIX
Pa3psSiIHUKOB 2, BKJIKYAs HUX B MOMEHTBHI TMPOXO0X/JIeHUs1 (PpoHTa yaapHoii
BOJIHBI 4epe3 HHUX, MOJJAep:KuBasi TaKuM oOpazom pabdoTy Hacoca Ha
NMPOTSKEHUH BCEro nepuoia paéorsl CXeMbl 3JIeKTPONUTAHMSL

I1. TpyOonpoBoaHasi MarucTpaJib

C OTPHHATC/IIbHBIM THAPABJIHYCCKHM CONPOTUBJICHHEM.

N3 onmcanus ycrpoiicTBa U padoThl 3J1EKTPOrHAPABIHYECKHX HACOCOB
SICHO, YUTO MeKAy €000l  HAcOoChl  3TOH cepud  KOHCTPYKTHUBHO
OTJIMYAKTCS JIMIIb HCHoJHeHHeM ¢opmupoBareseili pa3psiioB, KOTOpbIe
MOTYT ObITb  TeH30pe3UcTOPpHbIMH (puc.l-4), nbe3o3IeKTPpUYECKUMH  HUJIH
3JeKTpouTHYecKkumu (puc.I-5).

o

S0

=T b3

Puc.lI-1./luarpamma aaBJieHus1
coaepxkameii cepuro JI
He3aBucuMo 0T KOHCTPYKTHUBHOIO HCIOJHEHUs /3
pa3psiioB, KOTOPOE CKa3bIBAETCH Ha IKCILIYaT
HACOCOB, oOmpeaeJisisi MPOU3BOANUTEILHOCTb, HALWPIM JAp. NapaMeTpbl, Bce
Hacochl JaHHOH cepun  siBisorcst Tpy6omfipaavu ¢ VWHEIEONBM
ruApaB/JIHMYECKUM conpoTuBjeHneM. bosiee ToroJvim npencxap GNdeﬁe
MOCJIEIOBATEILHYI) CEPHI0 TAKHX HACOCOB, COEMM l}{lx MERITY CoOoM
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oTpe3kamMu TpPyO0, TO MpU BBINOJHEHHH YCJ0BUSA, uyToObl: Py > P; (1),
MOKHO MOJIYYHTH CKOJIb YTOJHO AJUHHYI TPYOONPOBOAHYH) MAarucTpajb ¢
OTPULIATEJIbHBIM THAPABJIAUYECKUM CONPOTHBJIEHHEM, KAK 3TO CJexyeT u3
puc.ll-1. /leiictBuTe/ibHO, TAK KaK HA rpaduke nasjieHue Py u P, B
MAruCcTpajan Ha ydactkax 1 m 2 coorBeTcTBYHOT padoTe ABYX COCEIHHX
HACOCOB, Korga BTopoii JI'H Bk/IK4YeH B Marucrpajb M0CJe10BaTeIbHO
neppomy JI'H Ha Takom paccTosiHUU OT Hero, UToObl JaBJ€HUE HAa BXOJe
BToporo JI'H 0ObuL10 Oosibllle HYJIsI, TO B pe3yJibTaTe HAa BbIX0J€ BTOPOro

Puc.II-2. Cxema pa3memeHusi Tpyoonposoaa ¢ Puc.11-3. BperukanbHoe
BKJIIOYEHHbIMH mocjenosareabHo JI'H. ceyenue puc.Il-2.
OI'H naBjieHue Oyaer yaoBjeTBopsTh ycjaoBuro (1).
Peamuzanuio  Takoili  MarucTpajd MOXKHO TPeICTABUTH B BHJe

B0/103a00PHOI1 yCTaHOBKHU, Moka3aHHoil Ha puc.ll-2. u puc.II-3.

Takass ycraHoBka /2/ cogep:XUT ceTyaThlii 0r0J10BOK 1 ¢ momjiaBkamu 2
HA KpoHITeiiHaXx 3 u rubkuii TpyOdompoBoa 4 HUXKe YPOBHS BOJIbI B
BOJOEMe, COCIMHEHHbIII ¢ BOAOBOAOM S mno aHY Boaoema. B BogoBoae S
yepe3 3aJaHHbIE HHTEPBAJIbI  pa3MelleHbI ATH - 6 ¢ o0mum
3JIEKTPONUTAHUEM Mo 3JeKTPHYECKOMY Kalel , MPOJIOKEHHOMY
napauieibHo BogoBoay. (Kadear» Ha pucyHkax He moka3aH.) BeiBoa 7
YCTAHOBKH  BBITIOJIHEH N0 MeCTY HA3HAYEHHs] B BHAE€ TYHHEJS WJIH
KOJI0A1A . 3aKpenJieHue BO0/J0B0JAA 5 Ha JHE BOJA0EMA BbIMOJHEHO C MOIIbI)
XOMYTOB 8 c axopsimu 9, HampuMep, 6alLIMAaYHOr0 TUMA U T.M. /2/.

HLIJaeKTporuapaBiIu4ecKuii KaHa

no nareHty P® Ne 2027076 / 6/.

IlpupoaooxpanHoe Ha3zHaveHHe OMUCAHHOII  BbIIIIE
YCTAHOBKH KaK npuMepa TpyOoonmpoBoAHOIl maructpajm
rUApaBJINYECKHM  CONPOTUBJIEHHEM  He [
NMPOU3BOAUTE/ILHOCTh YCTAHOBKH OrpaHHYEHA Cé€

X

CaMoil MATrUCTPAaJIES

7
HCIOJIB30BATH PYCJI0 PEKH, TEYEHUE KOTOPOro M\ e&%@@m@g@a Q
3amMeasieHo ¢ mnomombi JOI'H QHchy 5078 pasi Z

npeacrasjeHa Ha puc.Ill-1, puc.Ill-2 u puc.Dg8. HacocV/ | " U3
KaHajga ¢ Oopramu 1 w gHHIIEM 2

yriayoJjenusimu 3,
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Puc.IlI-1. BeprukanbHbiii pa3pe3 cBepxy co cxemoil 3jexkTponutanus. (®ur. 1 no [6])

t ¢

i ) e

& alo
e 18 o jo o 2
e & o i?@“ BT N S
ol ol80.
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° |7 G%W?Cam@mmﬁﬂﬁ“"f“
3
\j" A\ Ny 9

Puc.IlI-2. Bua auuma Hacoca cpepxy. (®Pur.2 no [6])
HAa 0OKOBBIX CKJIOHAX 4 KOTOPBIX B MpPoOKax S pasMelleHbl pa3psiiHUKH 6
C BbIBOAAMH 7 4epe3 AHMINE 2 K CeTH 3JeKTPONUTAHUS, R 3

8 paspsizios B Bnne CTeprHen, pa3sMeIeHHbIX B 1Po0 “‘.@E}E’RED

, @pexﬂmaneﬂb &
HHUKOB onpene.nﬂe{vs‘

£ REAISTHRED: O)

’ py’iiiéﬂbm?%

T T

\1 u'i (

Puc.1lI-3.I'onorpa¢g cxopocTH nNoToKa mno
ceueHnio KaHana. (Our.3 no ucToIHUKY 6)
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noJioskeHuu nepexsouarenast 10 ¢popmupoBaresn 8 paspsaoB 3aMbIKAKOT
Henb YNpaBJeHUS THPHUCTOPHOI CXeMbl 3JIEKTPONUTAHUS PAa3PsiIHUKOB 0,
ylapHble BOJIHbI BOKPYI KOTOPbIX BBIOPachbIBAKT padouyr cpely B
3aJAaHHOM HAMpaBJIECHUW 1O XOAy TMOTOKA B TeyeHHe BCero mnepuoaa
3JIEKTPONUTAHMUSL

IV.MoOunbHasi TpyOOnpoBOAHAST MAruCTPaJib.

OnucaHHblii BbIlIEe OTKPBITHII 3JEKTPOrUApPaBIUYECKUIl KaHAJ M0
nateHty P® Ne2027076 mo:xkHO TmpeaCcTaBUTHL  cede B KadecTBe
JAOTOJIHUTEJIbHOr0 BOA0COpPOCa B MepHoja NaBOJAKOB Ha MJowmaau OacceiiHa
nepenoJHEHHOW peKu, HO 3TOT K€ NPUHIUN 00pa30BaHUs THAPOMOTOKA
BO3MOKHO  HCIOJIb30BATH U B  TpPYOONMpPOBOAHOII  MarucTpaJjm.
lleiicTBUTE/IbHO, €CJH TPYOONPOBOAHAST MArucCTPajb C OTPHUIATEIbHBIM
ruApaBJMYecKHM CONpPOTUBJIEHUEM, onucaHHas panee mo n.Il , moxker
(PYHKUMOHMPOBATH JIUIIb B MOTPY>KHOM peKUMe, TO €CThb MPU HANOJTHEHUH
kaHajga JI'H nmo Bcemy cedeHnio, koraga ¢opMupoBaTed pa3psiioB MOryT
BKJIOUATh BCe€  pa3spsiiHUKH  CeYeHHsl KaHajla Hacoca, To padota
OTKPBITOr0  JJEKTPOrUJAPABJIUYECKOr0 KaHAJa BO3MOXKHA 0e3 3TOro
OrpaHNYeHHSL.

IV-1.9nexkTpopa3psaHblii peBepCUBHBII HACOC
o 3asiBke Ne 93055246 /2/.

IIpeacraBum cebe KaHaJ TpyObl, Kak 3T0 moka3aHo Ha puc.IV-1 u puc.IV-2,
a MNPUHLIMNUAJBLHYK  3JieKTpocxemy Ha puc.IV-3. I1or peBepcuBHBII
3JIEKTPOPAa3PSIAHBII HACOC COCTOMT W3 TPYOUATOr0 MHOIOCTYNEHYATOrO
Kopmyca 1, BHyTpu KOTOPOro pasMelleHbl CTyNEHH MAPHBIX OTpakaTeeid 2
KOHU4YeCKOil GopMbl , COeIMHEHHbIX B Mape Hau0OJbLIIMMH pPacTBOPaMu
KOHU4YecKux kopnycoB. Ha  orpamxarensx 2 pa3melieHbl  napbl
IEKTPOPa3PSIAHbIX IEKTPOA0B 3 B BHjAe KoJiell ¢ BbiBogamMu 4 depes
npooku 5 Kk cxeme 3jekTponuTaHuda. I[lo crbikam 00JLIIUX PAaCTBOPOB
KOHMYECKHX OTpakarejeii 2 pasMemieHbl B mpoOkax 6 dopmupoBaren
7 pa3psiioB B BUjE€ CTepHeill ¢ BbIBoJaMH 8 K cxeMe 3JIeKTPONUTAHUS.
Ha xonumax kopnyca 1 BbinogHeHnsl mtyuepsl 9. Ilo crbikam cryneneii
3anacHble OTBEpPCTUSl Mo MpPoOKu S 3akpeiThl 3araymkamu 10.

Kak sicHO U3 NMHUMIHAJIBHOH 3JIeKTpocxeMbl, popMupoBaTe A7
BKJIDYEHbI B LieNb YNPaBJeHUs: THPUCTOPHOH cXxe
nepekjaruaresem 11 HanpaBjieHUsi THAPOMOTOKA .

IIpu  BkIKOYEHHHU JIEKTPONUTAHUS
JIEKTPOPa3PsiA0B , PACHOPOCTPAHSISICL B  3a7gE
oTpaxarejeii 2 , mepeMemiaoT  padouyr cp
COOTBETCTBUH ¢ TmoJio:keHHeM mnepeksrouaTe s, Ilo 3aﬂWR\@?@9ﬁ246
/29 aBTOpom mosyueHo pemeHue PocmarenTa Bbigaue mnateHta P® Ha




~
v

Puc.IV-1. Bua cooky pesepcuBHOro Hacocac s  Puc.IV-2.Bua c Topua puc. IV-1.
BbIp€3a PpPagHAJIbHBIMHU IJOCKOCTAMH

Puc.IV-3.IIpuHuunuajbHas 3Jj1eKTpocxeMa

PeBEPCUBHOTO JIEKTPOPA3PSIIHOTO0 HACOCA,
Takum o0pa3om, Kak SICHO U3 onucaHusi padoTbl  TaKOro
PEBEPCUBHOTO 3JIEKTPOPA3PSIAHOTO HACOCA, KOHCTPYKTHBHOE HCMOJIHEHHE
Pa3pSIHUKOB B BHAE KOJIEIl HA KOHHYECKHX OTPAKATEJAX TO3BOJISET He

TOJILKO OCYIIeCTBUTh HW3MEHEHHE HATIPABJICHUS TIOTOK? <
HO M o0ecrieynBaeT YCTOHYMBYH PadoTy HACOCS

3aMmoJTHEHHH KaHaJia pabGoueii  cpenoii ] ,

TPYOONPOBOAHAS MATHCTPAJIb, BKJIYAKINAS B noc/ie/10BaTeIbHY S,

cepuro mogo0HbIx JI'H, Oymer He TOJIBKO 06 WB@W@E@W %
oyayum

THAPABJIUMYECKHM COMPOTHBJIEHHUEM, HO M ¢ AT paﬁoTaTL

MPOJIOKEHHOH 10 TMOBEPXHOCTH 3eMJIM, HATIPUN(ZY, B BHUIE i HTa,

B cBow ouepenb, BO3MOKHOCTL MpPHUMEHEHE:! rnﬁlcn}:q BTN O

TPYOONIPOBOAHBIX MAarucTpaJjied ¢  OTpHIATE 1. THAPABJIHYECKHM
KU

CONPOTHBJICHNEM OTKpbIBaeT INMPOKHE 1iejily MM IﬁRnﬂ@ﬂ@% S

PAa3JIM4YHBbIX NPHUPOAOOXPAHHBIX 3a4a4. 3
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IV-2. AjsponMHamMu4YecKue M0KACBAJTbLHbIC YCTAHOBKH.
g WIIIOCTpaui  NPAKTUYECKOr0 HUCNOJIb30BAHUST  TPYOONPOBOAHOI
MATrUCTPaJu € OTPULIATEJIbHBIM THAPABJINYECKHM COMPOTUBJIEHHEM B BHjE
MOOHWJIbHOI TpyOONMPOBOAHOH  MArucTpajud  34eCb MOKHO TIPHUBECTH
MPUMEPHI JA0KIeBAJIbHBIX
YCTAaHOBOK Mo mateHTam P@® Ne
1769401 wu Ne 2063122,
noKa3aHHbIX Ha puc.IvV-4 u
puc.IV-5. O6a 3tu uzodpereHus
OTHOCHATCH K OpOCHUTEJbHOH
TEXHUKe W MpeIHA3HAYEeHbI1JIs
A0MKIAEBAHUS ¢ 3aJaHOH
BbICOTBHI, YTO MpeIoTBpalIlaeT
MeXaHH4YecKHe TOBpeKIeHMs
Puc.IV-4.Bun cOoxy n0:xkaeBaJibHOM MOBPeKIACHUS TPYHTY H

nmo mnareHty P® Nel769401 Mo Bo3JejbiBaemMoii KyJjabtype.Kpome
TOT0, MPUHUMN PadoThl A3POAMHAMHYECKHUX JI0KIeBaTesieil O0TKpbIBaeT
BO3MOKHOCTh HX TNPPUMEHEHHUsl AJs TMO0MKAPOJITYLIEHHsl JIeCOB, CTereii,
TOP(PSHBIX oosloT WM APYTHUX
BO3IOPaHUIL.
Kaxk BH/IHO Ha pHCYHKaX, o00a
JA0KIE€BaTe/Isl YCTAHOBKH YCTAHOBKH MO
nateHty P®Ne 2063122 coxepsKar
crenuaJjbHbIe (epmbl, CHaOKeHHbIE
A3POAUHAMUYECKUM  JIBIGKUTEISIMH  C
3JIeKTPOMATHUTHBIM  ( Mo maTteHTy P®
Ne 1769401 ) Win c
3JIEKTPOpeakTUBHbIM  ( Mo nmareHTy P®
Ne 2063122) npusBomamu. Ha ¢depmax

Pa3sMeIeHbIEMKOCTH c BOI0MH, c
, MOMOIIbI) THOKUXILJIAHTOB COeUHEHHbIE
Puc.IV-5.Bua cOoky 10KaeBaabHOM ¢ BOA03a00PHBIMH  CTAHIUSIMHU.

YcraHoBKM no marenty Ne 2063122 Otimums Mme
AOKIEBATEJAMH  3aKJIIOUYAETCH  He TOJBKO B
JIEKTPONPHUBOAA A3POAUHAMHYECKOTO

KOHCTPYKTHBHOM  HCHOJJHEHHHM  T'HOKHX
aiekTpokadeseii. Ecom  no marentry P@® N
pa3iejibHbIe  KOHCTPYKTHBHBIE  3JIEMEHTHI
3JIEKTpPoKade/ib Ha OTJeJbHBIX OapadaHax, TG
3TH KOHCTPYKTHBHBIE€ JJIEMEHTHI COBMEIEHBI
YCTPOIICTBO KOTOPOTro moka3aHo Ha puc.IV-6.
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Puc.IV-6.Pa3pe3 nuamMeTpajibHO NJI0CKOCTHIO
O0apadaHa ¢ ru0KuM HLIAHrOM-Kalejaem
no nareHty P® Ne 2063122.(Pur.S no ucrouHuxy 8)

Kaxk BuaHo uz puc.IV-6, xuiabl 31ekTpokadessi pa3MelieHbl B CTeHKe
LLJIAHTa, TUYJIEKTPUYECKUl MaTepHaJl KOTOPOro OJHOBPEMEHHO CJY:KUT U
yleKkTpousoasimueid Mexnay :xkuinamu. He moBTopsis  37ech  MOAPOOHOTO
OIMUCAHMSA ycTpoiictBa u  padoThl YKA3aHHBIX [J0KAeBaTeJIeH,
HEO00X0IMMO  3aMeTHTb, YTO BO3MOXKHOCTH  HX  HCIOJIb30BAHUS HA
3HAYUTEJbHBIX PACCTOSIHUSAX OT BOA0EMOB TOJIHOCTBIO ONpeaesieTcs
MAaCCOBOTa0APUTHLIMH  TMOKA3aTeJIMH 3TUX 0apadaHoOB CO LLIAHTaAMU-
ka0easimu. Ilpu 3ToM siICHO, YTO TMPOCTOE YBeJHMYEHHE  [UIMHBI TaKHX
ILJIAHIOB [a’Ke MyTeM TMO0CJIeI0BATEJIbHOI0 COeIMHEeHHsl NUIAHIOB  HAa
HECKOJIbKUX 0Oapa0aHax  He o0OecreyuT HAM YBeJMYEHUS pajauyca
JAeNCTBHSI A0KAeBaTeJieil, Ta KAKITHAPaBJIUUYECKOe COMPOTHUBJIEHHE MOA00HOI
MAruCTpaju MNponopuUHoHAJIbHO ee AjuHe. IIpeacraBum cede Temepb, UTO
NPOMEXKYTOYHbIE OapadaHbl €O LUIAHIOM-Ka0ejleM  cojep:Kat B cele
3JIeKTpopa3psiiHble PeBepPCHBHbIE HACOCHI, ONMHCAHHbIe Bbilme Mo MmIV-1.
Torna Bce Hamm 0apadaHbl € TAKUMH THOKUMH [UJIAHTAaMH — Ka0easiMu
CTAHYT 3JIEKTPOrHApPaBJIHYECKIMU TPYOONPOBOAHBIMU MATUCTPAJISIMH €
OTPULIATE/IbHBIM THAPABJIMYECKHM  CONPOTHBJIEHHEM, I03BOJIsIA HaMm
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05. HEPCIHIEKTUBbI TEXHUYECKHX PEIIEHUI
IKOJOI'MYECKUX NMPOBJEM SDHEPI'ETUKU
LIIpoucxoxaenue mnpoodJieMbl.

Ilocie B. HW. BepnHaackoro »3Koj0rm BCero MHpa  PeryJsipHo
NpeaynpexaaIn 00IeCTBEHHOCTD 0 MOCTOSTHHOM YCHJICHHHU TAK HA3bIBAEMOI 0
TeIUIM4HOro (mapHuxkoBoro) s3d¢dexra HaA 3emisie, HO MaccoBbie U
kaTtacrpoduyeckue HapoaHeHus1 Jietom 2002 rona SIBHJIMCH JIS HACEJIEHM ST
EBponbl, A3uu U1 AMepHKH HACTOJbKO HEOKUJIAHHBIMH, CJOBHO 00 3THX
MOCJICACTBUSIX Teman4Horo 3¢gdexra Jmoam y3Hau BnepBbie. Mexay Tem,
KaK  O0TMe4arwT 3Kojgoru /1/, ogHOIl U3 IJIaBHBIX NOPUYHH  TaKoii
pa30aJIJaHCUPOBKH KJuMaTta 3eMJin  (IBJSIKOTCH Ta30Bble U a3P030JbHbIe
BbIOpOCHI B aTMoc(epy Bcero nNpoMbIIILJIEHHOI0 KOMILIEKCA, U MpPexae BCero
HepreTuKky. /[elicTBUTE/bHO, OCHOBHBIM HCTOYHHKOM HEPrud BCeX BU/I0B
JAJISI COBPEMEHHOr0 MPOMBILLIEHHOI0 KOMIUIekca Ha 3emuie CJIYKUT
HCKOMaeMoe TOIUIUBO B BU/ie yrJjeii, HegTu, ra3a, ropga, cjaHieB, KOTOpPoe HA
NPOTSEKEHUH MUIJLIHOHOB JIeT AKKYMYJMPOBAJI0 BMeCTe € COJIHEUHOM
JHeprueidi W yriekucjaory u3 armocdepsnl. C mnosiBJeHHEM COBpPeMEHHOi
TEILUI0IHEPTreTUKU  BCE€ 3TH BbICOKOMOJIEKYJISIPHBbIE YIJIEBOAOPOAbI  MpH
CXKMTAHNU BBICBOOO0XKIAIOT HE TOJIbKO YIVIEKUCJIOTY, HO MHOTHE IPYrue ra3bl
U MEJIKOAUCTepPCHbIe a3po3oau. Tak, Hanmpumep, TOJbKO ra3oBble BbIOPOCHI
TeruiodHepreTuku MpKyTckoil 001aCTH MO CBUJETEJLCTBY  €KEroJHOr0
T'ocynapcrBenHoro Jlokiaaaa « O cocToiHUU OKPpY:KawoIIeid MPUPOAHOIi cpeabl
Npkyrckoii  odactm»  /2/ coctaBassoT 38% ot Bcex BbIOPOCOB
CTAIIHOHAPHBIX HCTOUYHUKOB 3arpsi3HeHuii armocdepbl 00J1acCTH.

IIpu 3TOM ’KO0JIOTM HACTOWYUBBI B CBOUX MOCTOSTHHBIX PEKOMEHAAIUAX
HCMO0JIb30BATh TAK HA3bIBaeMbleé  AJbTEPHATHUBHbIE HUCTOYHHKH JHEPrum,
YIIOMUHASI CpeIH MepBbIX COJIHEUHbIE M BETPO3JIeKTPOCTAHIIUU, NPIINBHbIE
U reorepMajibHble  JHeproycraHoBku. OQaHaKo mpocTbie pacueTbl Ha
OCHOBE COJIHEUHOM MOCTOSIHHOH H3JIyYeHUs YOeIUTeJbHO MOKA3bIBAKT, UTO
Ja’e caMoe MacCOBO€ HCIOJIb30BaAHHE TAKHUX HCTOYHUKOB JHEPruu He
MO3BOJIUT Y/J0BJIETBOPUTEJIbLHO 00€CNIeYUTh MNOTPEOHOCTH Ye/I0OBE4YeCTBA B
JHEPruu, NOKPBHIB TMPH 3ITOM BCH0 TMOBEPXHOCTH 3eMJIM  Trejino- Hu
BETPOIHEProyCTAHOBKAMHU. A pa3MelleHHe Ha 3emJe
IKCILVIyaTAllUd TNPUJHMBHBIX M TeoTepMaJibHbIX
TAKUX MNPOTSGKEHHBIX JHepromMarucrpajieil  (Temiokisi
KOTOpbI€ HA HET CBEAYT BCK 3(P(PEeKTHBHOCTH
CJIOBAMHU, TAK HA3bIBaeMble AJIbTEPHATUBHbIE Y3
paccMaTpUBATBLCS B KaYeCTBE IKOJIOrHUYECKH
Macuradax UX HCMOJb30BaHHS, TO €CTH
yAaJleHHbIX OT MNPOMBILLIEHHBIX  HeHTHVB NOTpedHTe/eill HUZKUX
MOIIHOCTel ( HEOOJILIIMNX MOCeJeHHl, BpeMeHEIS 3Kcnemﬂp’ 2

OCTPOBOB U T .IL). é‘
3nech HAKO 3AMETHTH TAKIKE, UTO TAKHE SraNy
IHePruH, MPOH3BOAUTEILHOCTH KOTOPHIX TOJHOCT
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TpeOyroT A oldecrieyeHUust YCTOHYHUBOCTH  3HEProCHaO:KeHu s
AKKYMYJISITOPOB — TMPOAYKIHU HauooJee IKOJIOTHYECKH OMACHOI0
IEKTPOXMMUYECKOro mpou3BoaAcTBa. Takue crpanbl, Kak SIlmoHus, a0poro
Aaj| Obl 32 HAAEKHBII , IKOJOTHYECKH 0e30MacHbIi  aJbTepPHATHBHBII
HCTOYHUK PHEPruu, HO HECMOTPSl HA HUCKJIHYHNTEILHYH BOCNIPUUMYHNBOCTH
SIMMOHCKOI TEXHUKH ¥ TEXHOJOTHH KO BCEMY HOBOMY, HHUYEro
KOHKYPETHOCIOCOOHOT0  Ja’ke B MACIITA0aX HAIHOHAJBHOI JHEPreTuKH
HH BETPOYJIEKTPOTreHEePaTOpPbl, HHU TeJHOYCTAHOBKH, HH TPWINBHbBIE
IEKTPOCTAHIINH, HH TeoTepMaJIbHble CKBa)KHMHBI H3 ce0sl 70 CHX MOp He
MPeACTABJISIIOT.

Takum o0pa3om, nepea 3IHEPreTUKOM OJEKaiiliero Oyaymero 3KO0JI0THs
CTABUT BeCbMAa TpPYAHbIe TMPOOJeMBbI CBOEro OTPACJEBOT0 HAYYHO-
TEXHHYECKOro mporpecca. B cBoro ouepenb, 3TH  HAayYHO-TEXHHYECKHE
npooJjeMbl  MOryT ObITH HAMH KJIACCH()HMIUPOBAHBI 10 BPEMEHH HX
paspelieHUsi HA TEpPBOOYEPeNHbIE , HE Tepnsilhe OTJIAraTeJibCTBa , 1 HA
MEePCNEeKTUBHBIE , Ui pa3pemieHus] KOTOPHIX He00X0QUMO  TMOATOTOBUTH
(yHIaMeHTaIbHBIE HAYYHO-TEXHHYECKHE MOJI0KEHHS.

I1. Teno3HepreTuxa.

Tak xak TErJIODHEPreTHKA B HACToOsIlliee BpeMd uMeer
NMPEeUMYIeCTBeHHOEe 3HadYeHne i (PYHKIHOHHPOBAHHUS TPOMBIILJIEHHOTO
KOMILJIEKCA, TO €CTECTBEHHBLIM SIBJISIETCSI  CTPEeMJIEHHEe  CNemuaJIuCcCTOB
JAHHOI OTPacJM CBOMMH CPeICTBAMH Pa3peliuTh CBOU IKOJOTHYECKHE
npodJiembl. [IpenMymecTBeHHo mnNpuMeHsieMble B HACTOSIIIEE BpeMsi Ha
TEIL103/1eKT POLeHTPAJISIX 1eKTPOPUIBLTPHI MO3BOJIAIOT  OUHIIATH
abiMoBbie Tazbl TOIl Ha 99 — 99,5 %, HO UL OT TBEPABIX KOMIIOHEHT, TO
€CTh OT CA’KU | 30JIbI, HE OYHIAS] Ta30Bbie BHIOPOCHI 0T MEJIKOIHCTIEPCHBIX
KOMITOHEHT H 0T Ta30B, CPeIH KOTOPHIX HE TOJbKO BHHOBHUK TEIIHYHOTO
ybdexra CO, , HO u Takme sigoBuThIe rasel kak CO, NO, SO nu
JApyrue MpPUMeCH B 3aBHCHMOCTH 0T XHMHYECKOT0 COCTaBa TOTLINBA.

B »OT0ii cBEI3M paccMOTPHM  HEKOTOpPbie BO3MOKHBIE  TEXHHUYECKHE
pelleHusi , KOTOPbIE M0 CTENeHN CBOeii peajin3yeMoCTH TPEACTABJSIIOTCA B
Ka4decTBe TAKUX nepBooYePeTHBIX Mep Mo JKOJOTH3AIHU
TErJIODHEer e THKH.

dyeKTpoPUAbLTP MpPeTHAZHAYEH Al YJIABJIUELLIAZ Kﬁ@
TBEPABIX U Ia3000pa3HbIX MNpUMeceid JIbIMOBDI g
MOITOMY OH MOKET OBbITh HCIOJb30BAH JJIST 0GYLN @Q:a

HEe TOJbKO B JHEPreTHKe, HO M B MeTAJLUIJUY
MPOMBIIJIEHHOCTAX € TEXHOJIOTHYeCKUMH
0obIIMMU 00beMaMH Ta3000pa3HbIX BhIOpocl
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Puc.ll-1.BepTuxkanbHblil Puc.11-2. I'opusoHTANBHBII
paspe3 ¢puabtpa. paspes ¢puabrpa.
@uabTp COCTOMT U3 BEPTUKAJBLHOr0 ras3oxoga 1, BHYTPpH KOTOPOro
BbINOJIHEHbI TOPU30HTAJIbHBIE PSAAbI CKPELIEHHBbIX APYT € APYIOM CHCTEM
TPyoOnpoBoAoB 2 M 3 ¢ pemieT4aTbiMHU pacnpenesuresavu 4 u 5,
CHA0XEHHBIX BOJAOBBINIYCKaAMHU 6 BBepX H BHU3. CucTeMbI TPYOONPOBOAOB 2
u 3 yepe3 M30JMpYHOIIUE MNPOOKH 7 COEAUHEHBI JIEKTPUUECKH C
Pa3HOUMEHHBIMH  TOJIFOCAMH HCTOYHUKA BBICOKOI0 HANPSKEHUsl U
rUApaBJIHYEeCKH narpyokamm 8  coeauHeHbI ¢ TUAPOJUHUSAMHU
3JIEKTPOU30JIMPOBAHHBIMH JApyr o apyra. l'azoxonm 1 cHu3y coeanHeH ¢
abiMoxoaom 9 , a BeiBoAg 10 TpyOompoBOAOB COEIUHEH C CHUCTEMOii
rupo3osoyaajeHus. C moMoIb0 HACOCHBIX YCTAHOBOK B TPyOOMpoBOABI 2
U 3 mojaercd  IEKTPOJIUT, HANMPUMEP, CTOYHbIE BOAbI U3 CHCTEMbI
I'3Y,00pa3yss u3 BOAOBBIMYCKOB 6 BBEpPX U BHU3 CTPyU - (POHTAHBI ,
MEXJIy KOTOPbIMH  TMPH MOAKJYEHUH  JIeKTPONMUTAHUSA  BO3HHUKAET
UHTEHCUBHBI KOPOHUPYWIIUIT pa3psil, B 00JIACTH KOTOPOro MpoOTeKaeT
UHTEHCUBEHBbII MpoLecc HOHU3ALUH, JIEKTPU3alUHud U Napoodpa3oBaHus
BO/JIbl HA HU’KHEM YYACTKe ra3oxo/a, a ¢ HACbIIIEHUEM MApoB MpU MNoabeMe
naporas3onbuieBoil cMecH 3TOT MPoLEcC MepexoaUT B HACHILIEHHE MApPOB U
UX MHTEHCHUBHYHK) KOHJEHCAIMK) HA LEHTPax KOHJAEHCAlu B BUJAE HOHOB
razoB M 3JJIeKTPU30BAHHBIX MEJKOAMCIEPCHBIX YACTULl JAbIMA, 4YTO0 U
NMPUBOAUT K MX OCAKICHUI0 BHU3, HA JHHUIIE (PIJILTPA, OTKYIA OHH YHOCSITCS
B cucremy I'3V.
I1-2. /IsimMoBoii 3j1eKTpoPUIBLTP

no 3asBke Pocnatenta Ne 5062102 /26 /4

Tak kak, BepTHKAJIbHBII KaHAJ ra30Xx0a B 3J1eKTPoQsg

MyTeM TOPU30HTAJILHOIO HCMOJIHEHUS HAMPABJIE
OTJIHYAETCH ABIMOBOH 3J1eKTPO(PUILTP MO 3as1B
26 /4/. JlpimoBoii  3J1eKTPOPUILTP COCTOM R

MeperopoaKamMu 2 CO3Jar0UIUil 3Ur3aroo0pasHby ropnaoﬂﬂai%?ﬁwﬂan
punbTpa, B AHUIIE 3 U TPYOHOr0 KOLJIEKTOPaSE: C,HACOCHON YyCTAHOBKOI

BBHINOJIHEHLI MATPYOKH 6 , a B IOTOJIOYHOM pSfal BRI A S
orBepcTu 8, Y Oo

xopmyW:ERIS1Mona,
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Puc. II-3. Bua c6oky Puc.ll-4.I'opuszoHTanbHblil pa3pes
ABIMOBOTO 3JIEKTPO(PUIBTPAa  ABIMOBOI0 3JIEKTPOPHIBTPA

MOJAK/JIIYEHHbIE K KOJUIEKTOPY 9 ¢ orBepcTusivu 10 1 HacocHO# ycTaHOBKOIi
11 u Gopramu 12 MOTO/IOUHOT0 MEPEKPHITUA. JJIEKTPUUECKHUMHU KJIeMMaMU
13 u 14 xomnektopsl 4 U 9 coeguHeHbl € HCTOYHHUKOM BBbICOKOI0O
3JIEKTPUUECKOro Hanpsi:keHus. Bxon ¢uabTpa 15 coenniHen ¢ apiMoxoaom , a
BbIX04 16 punbTpa coeauHeH ¢ TUNMOBOH ABIMOBOIH TPYOOIi.

IMocnie BKJIKOUEHHS] ABIMOCOCOB ra3bl MOCTYNAKT Ha BXoa 15 ¢uabTpa mn
Aajiee  ABHIKYTCS MO 3UI3aroo0pasHoMy rOPU30HTAJILHOMY KaHaJy
razoxona 1. Ilocsie Bkiouenuss HacocoB S m 11  co3zmaercss ruapoHanop,
o0pasyromuii cTpyn U GOHTAaHBI U3 OTBepCTHl 6 u 8, MeXKIy KOTOPHLIMH
npoTeKaer KOPOHUPYIOIIHI pa3psii NpPH BKJIYEHUH 3JIEKTPONMUTAHUS
ycraHoBKU. Tak Kak B mpouecce HCNAapeHUs, 3IeKTPU3AUNU U HOHU3ALUU
HA BXOJHOM Y4YacTKe rOPH30HTAJILHOIO ra3oxoja mnaporasonbLieBasi cpena
K CpelHeil 4acTu ropu30HTAJIbHOI0 ra3oxoJa HACBIIIAETCH NapamMu, TO B
3TOI 00JIaCTH KaHaJla ra3oxoJda BO3HHKAET WHTEHCUBHASI KOHAEHCalus
NapoB HA LEHTPAX KOHAEHCAIUU B BHU/E€ HOHOB ra3oB M 3JIEKTPHU30BAHHBIX
MEJIKOAUCHEPCHBIX 4YACTULl bIMAa, B MpPoOIECCe KOTOPOl OHU MOJHOCTHI)
ocaxkaarTcsa U yaajasiroresa B cuctemy 1'3Y. Takum o0pa3om, Ha BbIxojae
¢punbTpa B ABIMOBYI TpyOy mnocTtynmaer JiMIb MNOAOTPeThIil 3a cuer
KOHAeHcanun atMocdepHblii BO3AyX, paccenBaeMblii U3 TPyObl Ha 0OJBIIMX
BbicoTax. Ilo 3asBke Ne 5062102 / 26 Ha abIMOBOI 3J1eKTpPoPUILTP
aBTOPOM  TOJIy4€HO pelieHHue PocnateHTa 0 BbIIaUe NATEHTa Ha
usooperenne /4/.

I1-3. NoHHO-/1y4YeBOil ABIMOBOI (PUILTP
no 3asaBke Ne 93034392 /26 /4/.
OnucaHHble Bbllie  3JIEKTPOPIILTPLI

o0J1a1asi BMeCTe C 3TUM W BBICOKOW mMpou3 ?Eﬁ?il@lmmle

HH3KOI0 THAPABIHYECKOr0 CONPOTHBJICHHSI K:lAaJI0B TIa3 AKO
HEOOXOAMMOCTh HCI0/Ib30BAHHS BbICOKOro dNrpuueckoidy D B8 phé{onnsa

JAJISI CO3MAHUS KOPOHHPYIOIIET0 Pa3psiia Mex % an E('l‘g\g
YCJIOKHSIET JKCIUTyaTauu GuibTpoB U yBeauy! Ba A'% WW Os
[ <)
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MAaCCOBOradapuTHble TMOKa3aTeJH. JTHX HEAO0CTATKOB MOKHO H30€KaTh,
NPUMEHHMB JJIS HOHHU3ALIUHN M JIEKTPU3ALHUU MAapPora3onbLieBoil cpeabl B
KaHaJie ra3oxoJa HOHU3MPYHIIee U3JIydeHue.
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Puc.1I-5. Bua c6oxy Puc.11-6. BepTrukanabHblii pa3pes
HOHHO-JIYy4€BOro (puiabTpa HOHHO-JIY4€BOro (pujabTpa

Puc.I1-7. Bua csepxy Puc.11-8 I'opusonTansHblii pa3pes
HOHHOJIYy4eBOro ¢uianTpa HOHHOJIYy4eBOro ¢guiaetpa

JlaHHbIi GUJILTP mNpeaIHA3HAYEH AJIM MOJHOH OYHCTKH JAbIMOBBIX ra3oB ¢
BbICOKOIl TMPOU3BOANTEIBLHOCTHI) B ABTOMATHYECKHUX PEXKUMAX, MOITOMY
MOKET OBbITh UCMOJb30BAH HE TOJIbKO B YJHEPreTHKe, HO U B METAJIypruu, B
XUMHUYeCKOH " HedTeXMMHUUYECKOW MNPOMBILLIEHHOCTAX, KOTOpPbIe TaKkKe
XaPaKTepu3yrTcs OO0JIbIINMHU 00beMaMH Ta30BbIX BbIOPOCOB. KpOMe Toro,

KayecTbe KOHAMILIOHEPA JUISl MPOMBILLICHHBIX 31 BUB e
o0ecrieyeHUsl BbICOKOII MPOU3BOAUTEILHOCTH 04l W\sﬁ‘/lanamne (&
Bo3ayxa. OWILTP COCTOUT U3 UHJIHHIAPUYECKOTO
neperopoakoii 2, oopasyrwiueii kanaa 3 razoxoas
BUjJe TpyObl, HA JAHHWINE B BUJAEe COOpPHHUKA
BBINIOJIHEH BbIX0A 7 B cucremy I'3Y. B mno
BbINOJIHEHbI BOAOBBIMYCKHU 9 0T Kou1ekTOpa 1(
Ha nep:karensix 12 pasmenieHbl ucTouyHuku 13
HANpuMep, Jamnbl YJIbTPauoseToBoro
CXeMOU JJICKTPONUTAHUSL.

Iomero H3JIyYeHMS,

'MAIIFRI%&PMO
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IIpu BrIKOYeHNMH  HACOCHOIT ycraHoBku 11 u3  BogoBbIMycKoB 9
o0pa3yrTcsli CTPyM BOAbI , KOTOpPble pPa30pbI3rUBAITCS  NOMNEPEeYHbIM
OTHOCHTEJILHO CTPyli MOTOKAMH OYHUILAEMOro AbLIMOBOro rasa. Tak kak
OosiblIasi 00LIASi MOBEPXHOCTh  KamejJgb W CTPY#d BOAbI NPUBOIUT K
HHTEHCUBHOMY HCTAPEHHI0 BOAbI B MOTOKE TOpPAYero  JAbIMa, TO 3TOT
npouecc napoodpazoBaHUsl MPUBOAUT K OXJIAM/IEHUI0 MAPOra3onbLIeBOro
MOTOKA /10 HACHILIEHNsI MAPOB B CPEHUX yUacTKaxX KaHaJa razoxoaa. Ilocie
BKJIKOYEHUS HCTOYHUKOB HOHU3HPYKILEro  U3JIy4YeHHs BCS
naporasonbLjieBasi cMecb B KaHajle raszoxoaa ¢uiabTpa mnoaBepraercs
HOHU3ALUHU M JJIeKTpU3alUM, Co3aBasi O0JaronpusiTHble  YCJIOBUSI ISl
UHTEHCUBHOH KOHIEHCALIUM HACBHIIIEHHBIX BOASHBIX MAPOB Ha LIEHTpax
KOHJEHCAllUM B BHAE 3JIeKTPU30BAHHBIX  MEJKOAUCIEPCHBIX 4YACTUIl U
HOHU3HPOBAHHBIX MOJIEKYJT Ta3000pa3HbIX KOMIIOHEHT AbIMA, 0CAXKIasl UX
HA JHUIe KaHAJa (PWIbTpa, OTKYIa OHHM MOCTYNnarwT B cuctemy '3V,

ITo 3asiBke Ne 93034392 /26 Ha uoHHOIy4YeBOH ABIMOBOII (PUJILTP ABTOPOM
noJiy4yeHo peineHue PocnareHTa o Bbliaue nateHTa Ha uzoo0pereHue /4/.

PaccmorpeHue mnogo0HBIX TeXHHYECKHX pelleHuil MOXKHO ObLI0 Obl
MPOJOLKUTH, HO YK€ U3 MPUBEIEHHBIX IPUMEPOB PadOTHI HOBBIX JTHIMOBBIX
GuIbTPOB MOKHO CIeIaTh BbIBOA, YTO COBPEMEHHAsl TeIUI0dHEPreTUKa
uMeeT IHPOKHE MNEepPCrNeKTUBbI MOBbIMIEHHS J(PPekTUBHOCTH padoThI
OYHUCTHBIX COOPY>KEHHil CBOHUX ra3oBbIX BHIOPOCOB.

II1. ATomHasi IHepreTuKa.

3a nmosiBeka CBoO€il HCTOPUU JTa HOBasl OTPAC/Jb JHEPreTUKH CMOIJIa
JUIIb CO3JaTh YCTOHYHMBYK paauodoouro, koropas mnocje YepHoObLIbCKOI
KkaTacTpogbl NpUHAJA NI00aJbHBbIH XapakTep. /lelicTBUTE/IbLHO, U3 BCEro
KOMILIeKCa Tpo0JieM 3Toil 0TPacju IHEPreTHKH  3/eCh MOKHO OTMETUTh
npexkae BCero HHU3KYHW  HAJAEKHOCTb IKCIUIyaTAllUM  ATOMHBIX
JHEProyCTAHOBOK, OOJIBIIYK 3aBHUCHMOCTb HAJAEKHOCTH M YCTOHWYHBOCTH
UX PpadéoThl 0T 4YejoBeueckoro (akTopa, MOCTOSTHHO PACTYUIYI0 YI'po3y
HEYNpPaBJIIeMOr0 PacnpoCTPaAHEHHs] TEXHOJIOTHIl H3rOTOBJIEHUS] SIIEPHOTO
Opy:Kufl MApauieJIbHO M MO NPUKPBITHEM ATOMHOII  DHEPreTHKH,
yrpoxarouue MacmTadbl HAKOTJIEHHUS PaJUOAKTUBHBIX O0TXO/0B,
MHO3KECTBO APYTrHUX nmpoodjiem.

Tak kak Bce 0JIOKHM 000pYI0BaHHS HU3BECTHBIX

IKOJIOTHYECKH 0€30MacHbIM HCTOUHUKOM
PAAHOAKTHBHBIX KOMIIOHEHT B padoThI A3C HOCHUT
TeXHOoJIoru4YecKuii xapakrep /6/, o paxe pasNlglieHue a1 v Qed R EIPOB
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III-1.51yencrasi moa3eMHas siA€PHAS IHEProyCTAHOBKA
no 3asiBke Ne 4932318 /25
IIpenoTBpaTuTh paaMOAKTHBHOE 3apa’keHHe OKPYKAKIIEHd cperabl B
npomecce padoTbl SAEPHO IHEPrOyCTAHOBKH BO3MOXKHO IyTeM ee
pasMenieHusi mojA 3emJjeill Ha AocTarouHo Ooabwmoii riyoune. Ilpu 3Tom
H30aBUTHCH OT TEXHOJOTHYECKOH HEOOXOMMMOCTH BBIHOCA PATHOAKTHBHBIX
BEIIECTB B OKPYKAKIIYI) CpPeIy BO3MOKHO IIyTeM BbIIEJIEHHS TerJI0Boii
JHEPrUM B pPe3yJbTaTe TMOA3EMHOr0 SIIEPHOT0 B3PbIBA HAa JAOCTATOYHO
ooabuioii riyouHe. Kak u3zBecTtHo /7/, mocjie  OCyHIeCTBJIEHUSI  [03€MHOI0

SIICPHOT0  B3pPbIBA NPOTEKAT MpoLeCcChl, XapaKTePHU3YHLIUeCs
ornpeaeJIeHHbIMH H YCTAHOBJIEHHBIMHU 3aKOHOMEPHOCTIMH
pacnpocTpaHeHus JHEpPrum pa3uYHBIX BHIOB, B TOM 4HCJIe

PaJUOAKTHUBHOCTH, TEIJIOBOr0 H3JiydeHusi 4 JAp. B yacTHOCTH yCTAaHOBJIEHO,
4T0 MpPeuMYyLIeCTBEHHAsl YACTh 3JHEpPrum siiepHoro B3pbiBa ( cBbile 70%)
npeBpaliaeTcsi B TEILIOBYKW) JHEPruio,KoTopasi B JAaJjibHeiilleM mpoiecce
nocje B3pbIBA PAaCHpPOCTPAHSETCH B OKpYXKawleil mopoae OT 3MULEHTPA
B3pbIBa cpepuyeckoii  BOJIHOIT €0 CKOPOCTBI), OIpeAesieMou
TEILUIONPOBOIHOCTHI0  OKPYKAKIIUX TMOPOX M  MOILIHOCTHIO  B3PbIBA.
I'paduueckn 3Ty 3aKOHOMEPHOCTH MOKHO M300pa3uTh Kak Ha puc. I11-1, u3
KOTOPOro cJieayeT BbIBOA, YTO TeEIUIOBAasi JHEPrusi pacnpocTpaHsAeTCcsl OT
MHUIEHTPA TMocje B3PbIBa HEOrPAHUYEHHO [0JIF0, a PaJUOAKTHUBHOE
U3JIydeHue MorIolaeTcs MPAaKTUYEeCKH MOJHOCTHI) HA  PACCTOSIHUMU,
CPABHUMBIM €  PaauycoM Kparepa Ha TOBEPXHOCTH 3eMya
o0pasymuierocsi 1mocje B3pbiBa B pe3yjibTare OOpyLIeHHs1 TOPOA HaJ
SMHULEHTPOM B3pbIBA.

z VERSION
ADDS NO
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Puc.IlI-2.I1nan HA NOBEPXHOCTH 3eMJIM PA3MELIEHUS] TPEYroJibHOH SYE€HCTOH CXEMBI
CKBAKHH, 00Pa3yI0LIUX TYEHCTYI0 CTPYKTYpPY TemjiochbeMa.

Puc.III-3 BeprukanabHeiii paspes no  Puc.Ill-
CKBAKHHE NMEPBHYHOM MOJOCTH

Wpsﬂ e3 no
&dﬁﬁ@ 2
MOJ3€MHOI0 SIIEPHOr0 B3pPbIBA

JHEProycTaHOBKA MNpeAHA3HAYEHA JIs1 NMPOU3BOI(TBA THIJME}@%!QMHOH
JHEPIrUU HKOJOrHYecKr 0e30MacHbIM CrnocoOCMIoITOMY M@@(W@MTL
HCII0JIb30BaHA B JHeprocucreMax HJIH B ecTBe ABTOHOMHOI'0 S

JHEPrOUCTOYHHUKA, JHEProyCTAHOBKA COCTOHT %M!ﬂ{ &IWEEAM%%
)

B BH/Ie 00J1aCTeil OKPYT 3MHUIEHTPOB TMOA3€MHBIX
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COEIMHEHHBIX C MOBEPXHOCTHI) CKBAKUHAMM 2, 3arJIyLIEHHBIX U 3aKPbITHIX
KpbIIIKAMU 3 mepea OCyUIeCTBJIEHUEM MOA3€MHbIX SiAePHBbIX B3PLIBOB HAa
IJIyOMHAaX, O0OCHOBAHHBIX C Y4YeTOM PeruoHAJIbHBIX CelCMHYeCKUX,
CTPYKTYPHO-TEKTOHHYECKHX, reoMOpP(OIOrH4ecKux M TUAporeo0ruuecKmux
ycjoBuii. B reomerpmueckux ILEHTPax TPEYroJibHbIX siYeeK B IJIaHe
CKBaKMH 2 pa3MeleHbl CKBAa’)KUHBI TEIMJIOCheMa ¢ o0caaHBIMH
KOAKCHAJIbHBIMH TpyOompoBoaaMu 4 W 5, HUMeWINHX BbIBOABI 6 0T
BHEIIHUX TPyOOINPOBOAOB Yepe3 KPbILIKU — IUIUThI 7 K TenjJa000MeHHHKAM
THUMOBBIX KOHCTPYKIHIiI HA MOBEPXHOCTH 3€MJIU.

Paccrosinus MeKIY NePBHYHBIMH H TeMJIOChbeMHbIMH CKBaKMHAMH
BbINOJIHEHBI U3 COO0pakeHUil paaualMOHHON  0€e30MACHOCTH € y4YeToM
KOHKPETHBIX  (PU3HKO-MEXaHH4YECKHX CBOIICTB MOPOAbI Ha 3aJaHHOU
IJIyOMHe JMHULEHTPOB MOJA3€MHBLIX SI/IEPHBIX B3PBIBOB, B 00J1aCTH KOTOPbIX
BbINOJIHEHBI O] 00CaAHBIMU TpPy0aMH MoJ0CTH napoodpa3zoBaHus. Yucjio
30H 1 Moxer ObITh NPOU3BOJIBLHBIM, HO 3(PPEeKTHBHOCTL  YCTAHOBKHU
MOBBINIAETCS € POCTOM HX YMCJIA.

ITocie mnpou3BoOACTBA 3aIaHHOI CepUM MOA3€MHBIX SII€PHBIX B3PbIBOB
oOpasyrorcst  30HBI 1, TerioBasi JHepPrusi KOTOPHIX PacCpPOCTPAHSAETCSH
cpepuueckumMu  GpoHTAMH U JAOCTHUraeT TEMJIOCheMHBIX MoJiocTeil 8,
co3aaBasi HE00X0AUMbIE YCJI0BUSA UHTEHCUBHOI0 Harpesa u
napoodpa3oBaHusi BOJbI, MOJAaABaeMOll MOA AABJE€HUEM [0 BHYTPEHHEMY
TpyOomnpoBoay o0CaagHOro TpPyOOMpoBOaa, a TIeHepHpyeMblid map MpHu
3aJaHHBIX MapaMeTpax OTBOAUTCS IO BbIBOAY 6 K TErJIOOOMEHHHKY HAa
MOBEPXHOCTH 3€MJIH JIJIsI TOTpedJIeHus.

Tak kak siiepHasi >Heprusi B AKTHBHOIl 30He BbLICBO0OXKIAeTCs B
MepHo/ 3aMyCKa HSHEProyCTaHOBKU MyTeM IMOIA3€MHOI0 SI/IEPHOr0 B3pbIBa, a B

AaJIbHeHIIeM pacnpocTpaHsieTcs BOKPYT MULIEHTPA nyTem
TEIJIONMPOBOJAHOCTH TMOPOA, TO 3THM OOCTOSAAITEJILCTBOM  o0ecre4ynBaeTcs
HA/I’KHOCTD padoThI u YCTOHYHUBOCTH (pyHKIIMOHUPOBaHMS,

NMPeA0TBPAILIAETCH 3aBHCHMOCTb JKCILIYaTAMH OT CYObeKTHBHBIX NMPUYHH
(XaJIaTHOCTh MEPCOHAJIA U T.I.) U 0T O0BEKTUBHBIX YCJOBHUIl (CTHUXMHHBIX
OeacTBuii, 00oeBbIX AeiicTBHIl B paiione AJC u T.1.)
Kpome TOro, »3HeproycTaHoBka 10 ONHCAHHOMY
BO3MOKHOCTh YTH/JIM3ALMHU SIIEPHBIX OTXO0B
MyTeM HX HCHO0Jb30BAHHSI B KadyecTBe N\
o0pa3zoBaHus AKTHUBHBIX 30H IO Ol'll/IcaHH,Q/ 210

pacimpsieT (PYHKUMOHAJBbHbIC BO3MOKHOCTH JHG Zéf@
> TEzBpﬂQo

ITo 3asBke Ne 4932318 / 25 Ha sueHcTygy) J'IO
JHEProyCTaHOBKY  aBTOpoM mosiyueno  peiBrue Pocnays = Q) @wyraye
nmateHTa Ha usooOpereHue /4/. Kpome Toro, yuumriBasi 0CO0€HHO BBICOKHE
TpeboBaHus K Hacocam ADC /9/ m orMeueH
YCJIOBHSI BBINIOJIHEHHSI CBEPXIUIyOOKHX

HacocoB /10 u ap./ n rnekTporuapaBandeckas Oypeitds Faoska /11/.
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IV.TenioBbie HacoCHI.

TenJioBple HACOCHI  JaBHO HHTEPECYOT JHEPreTUKOB B KadecTBe
BO3MOXKHBIX HCTOYHHKOB JHEPruu 32 cuyer TEIJI0CO/1Ie PsKAHMS
okpy:xkawieii cpeabl. C mo3umuidi  3KOJIOrHYECKoid 0e30MaCHOCTH TakKue
JHEPrOUCTOYHUKH SIBIINCH Obl HAEAJIbHBIMH  JHEProyCTAaHOBKAMM, TAK
KAK OHHU TPUHLIUNHUAJILHO He MOTYT OOYCJIOBJMBATH TeMIMYHBIN 3(pPeKT.
K coxajieHuro, cpeau TemoBbIX HACOCOB NpeuMylleCTBeHHOE
pacnpocTpaHeHHe HAa NPAKTHKE NOJIy4WJil  TaKHe Ternja000MeHHUKH,
KOTOpPBbIE COJepP:KAT HUCHAPUTE]b U KOHAEHCATOP, TAK KAK HCIOJIb3YHT
(daszoBbliii mepexoa KUAKOCTH — Map, XapaKTePU3YWINHUHCH 3HAYNTEIbHBIM
nepenaaoM TeMmmeparyp Mexay areHtamu. IMeHHO JaHHOe CBOICTBO He
MO3BOJIsSIeT o0ecrnevyuTh PacCpoOCTPAHEHHBIM  TEIUIOBBIM  HACOCaM
,UCMIOJIb3yeMbIX MPEUMYILIECTBEHHO B Ka4eCTBE XOJI0AWILHUKOB, JA0CTATOYHO
BBICOKHH K03 (puuueHT 3HeprodP@PeKTHBHOCTH, He NMPEBbLIMIAKIIUII  Ha
npakTuke 3HaveHus: 5,6. Taxoe 3HauYeHHe KOIPPUIHEHTA NPUEMIUMO sl
MAJIOMOIIHBIX  XOJIOAWJIbHHUKOB, HO COBEPIIEHHO He TPUTrOAHO Jis
JHEProyCTAHOBOK OOJILIIINX MOIIHOCTEM.

IV-1.MaraurorepmMocenapanmoHHasi YHEProyCTaHOBKA
no 3asaBke Ne5018957/06

[HoBbicuTs KO3YpPunmeHT 3HEProd3PPeKTHBHOCTH TEMJIOBBIX HACOCOB
BO3MOXKHO NMyTeM OCYIIeCTBJIeHHsl TemjaooOMeHa mnipu (Ga3oBoM nepexojae
KPUCTAUI-KUAKOCTD, KOI/IA MPOUCXOIUT CKa4yeK YIeJbHOIl TernJioeMKOCTH
areira. B Hacrosimee BpemMsi u3BeCTHBI Takue (a3oBbie MNepexoabl
KPUCTA/UI-KHAKOCTh BAAJHM OT TOYKHU IUIABJIEHUSI areHra B YCJIOBHSIX
HamarHuyuBaHus /11/.0cobenno 3¢dexkTuBHbl  Takue (a3oBble Mnepexoabl
IS SKHAKOKPHUCTAJLUIMYECKHX BemectB /12/, KoTopbie OTJIHYAIOTCS
aHU30Tponueil no MHOTHUM CBOMM XapaKTepPUCTUKAM /13/.
MaruuTorepMocenapaluoHHAsI JHEProyCTaHOBKA  MpeAHA3HAYeHAa IS
MoJIy4deHusl TeIJIOBOIl SHEePruM 3a CYeT TEIUVIOCOAEP:KAHUS  OKpYyKarwlueii
cpeabl NPU HOPMAJILHBIX YCJIOBHSIX , I03TOMY OHA MOKeT ObITh UCMO0JIL30BAHA
JJIS1 TEMJIOCHAOKEHU s MPOMBIILIEHHBIX NOTPeduTe1eil Wi )KUJIbIX MacCUBOB
B Jw0oe BpeMsi Troga U B JIOOBIX KJIUMATHYECKHX YCJOBUSIX.
JHeproycraHoBka mokaszana Ha puc.IV-1, puc.IV-2 u puclV-
MOKa3aHa o0LIasi cXeMa JHEProyCTaHOBKH, HA
4eTBEPTHI0 BbIpPe3a TOPOUJAJIBHOI0  TEIMJIOOOMEHH
crepead C 4YeTBEPTHI0 Bbipe3a TOPOUIAJIBLHOIO
COCTOUT M3 TENJI000MEHUKOB 1, COeTUHEHHBIX TP
ycranoBkamu 3 u kjaanaHamu 4. Ilocaennsis 3
CoelHEeHA ¢ MoTpeduTe]IeM S SHepruu, a NepLLts CTynemVE:RzgaWM 6
-  HUCTOYHHKOM TeIJIOCOAEpP:KAHUS JJsl  yCT Ka»;é:ﬁ)l& CTyl’IeHL

Term1000eHHUKa 1 BbIMOJIHEHA B BHAE TOP .
‘égewrﬁfww 3 'f% 8
W mu 10 i 11

TPy0UYaTOro MpPoBOAA, MEKAY BHTKAMH KOTOPO
£ e"
ZInt-driV

0o0pa3ys ¢ MOMOIIbIO MPOOKH 9 MoJI0CTH TOPA €O
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§ REGISTERED /QL
~  VERSION
ADDS NO

Puc. IV-3. WATERMARK
TpybOuarbiii mpoBoag 00MOTKH 7 CHAOXKEH i %:MI/I E u 43 tc'os
ssnexkTpokgaemmamu 14 u 15 . Knemmer 14 u 15 coepliiiiefssL ¢ HCTOUHHKOM {Q’
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3JIEKTPONUTaHus nposoaamu 17.

IIpu BKIOYEHUH JIEKTPONUTAHUS TOPOUJAJIBLHBIX 00MOTOK U3
TPyOUaTOro MNpoBOJA B MOJIOCTIX TOPOB 00pa3syeTrcsl MATHUTHOE T0Jie
3aJaHHON BEJIMUMHBI, B KOTOPOM  OCYLIECTBJSIET LUPKYJSIHUK  areHT
npeabIAyleil CTyneHu Hacoca., Tak Kak yae/ibHas TEMIOEMKOCTh Padouero
arenta /’)KKB/ B MarHuTHOM moJie MeHbIIE €ro yiIeJbHOIH TernjI10eMKOCTH
BHE MATHUTHOIO MOJISI , TO B Te€UYEHUE BpeMEeHM LHMPKYJISUH AareHra B
MOJIOCTH TOPAa €ro TelJIoCOoAepPKaHNe YMEHBbINNTCS, BbLAEJSISIC B BH/E
TEIUIOTBI, YXOASAIEH HAa HATPEBAHUE AareHTa CJeAyHLIeHd CTYNEeHH, KOTOPbIil
HWUPKYJIUpPYyeT Mo TPy0ouaToMy TemnJio0OMEHHHKY, TO €CTh BHE MOJIfl , KOIa OH
uMeer OOJIBLIYH) TeIJIOEMKOTb. B pe3dyabrare  HUPKYJISINUU — MEKIY
CTYNEHSIMH  XJIAJI0ATeHT TNPUHHUMAET TEIJIOCoAePKAHHe  OT UCTOYHHKA C
HU3KOH TeMIeparypoid M nepeJaer ero  TeIUIONPHUEMHHUKY ¢ BBICOKOM
TeMIepaTypoii, obecreyuBasi TakuM 00pa3oM padoOTy 3HEProyCTaAaHOBKU B

KauecTBe TEII0BOr0 Hacoca c BBICOKHM K03(HUIIHEHTOM
IHeProd3eKTUBHOCTH.
ITo 3asBke Ne 5018957 / 06 Ha MAarHUTOTEePMOCeNnapauroHHYy

YHEProyCTAHOBKY aBTOPOM TmoJydeHo pemeHnue PocnmareHta o Bbigade
naTeHTa Ha u3ooperenue /4/.

OrpaHMuMBIINChL  PACCMOTPEHHEM 7JTHX KOHKPETHBIX  TeXHHUYECKHX
pellleH’ii JKOJIOrHYeCKHX TMpo0JieM COBPEMEHHOH YHEPreTHKH, Mbl Ha HMX
OCHOBE BIIPaBe CeJIATh BBIBO/ HE TOJIbKO O MIMPOKHX HAYYHO-TEXHHYECKHX
MEePCNeKTHBAX PelIeHUus HKOJOTHYeCKHX MpodJieM YHEPreTHKH, HO, YTO
0ojiee TNPUHOMNHNAJBHO BAaXXHO, O 0Oojiee BBICOKOH JIKOHOMHYECKOM
3(peKTHBHOCTH HKOJOrHYECKH O0€30IACHOl HYHEPreTHKH  OJIMKaiiiero

Ooyayuiero.
Jureparypa:
1.3axrouenne Bcemuphoii meteoponoruueckoii opranusanuu ( BMO )/ «3enennrit  mup» Nel7-
18/2002 r.,cTp.24.
2.I'ocynapctBennblii Jokaan «O cocTosHHHM OKPYKAKOLIEH NPUPOAHOi cpeabl
Hpkyrckoii obaactu B 2000 rogy», O6arockomnpupoasl, Upkyrek, 2001 ., cTp.173.
3.Bepruncknii I1.A. DaextpopunsTp AbiMoBbIX razos. [latent P® Ne 2026752, BU Ne 2/ 95
4.Bepruncknii I1.A. DnexTporngpasiuka. r.Yconbe-Cudupckoe,1996 r.144c.
S5.Ipuropses B.A.-pen. Tenno3nepreruka u Tensiorexuuka. Q01He BOIPOCHL

Cnpasounuk., M.,»JHeprus»,1980 r.crp.494 u ap.
6. CapxucoB A.A. u Ilyuxkop B.H. ®usuueckne O0CHOBBI
NAPONPOU3BOASALLIMX YCTAHOBOK. M., « JHeproaromusaar», 1989 r. ctp
7.Hudonrtor b. H. u ap. Ilogzemusbie saaepHbie B3pbIBbL. M., ATOMZE?:
8.Mapuunosckuii B.A.n Bopona I1.LH.Hacocs1 AJC.M., «IHeproa;
9.Beprunckuii ILLA. TloBbiuenue a¢dexTHBHOCTH e yp 4

2/9.5.
11.Boucosckuii C.B. Marnetusm. M., «Hayka», 1971 r., crp. SRR z(p ADDS NO

12.Beprunckuii I1.A. Kackagnblii Tensiopoii Hacoc. Ilarent PARNe ﬁ;&ﬁ%
13.Beprunckuii I1.A. Pemenne 3agad  MHKpPOMHHHATIOpH3a{hiiih ) KTp A)&
anekTpomexanudeckoro 3¢ dexra B AKKB // Co. marepuasioB H p. - Koud. «Cnﬁpecypco

2002», UpkyTtck, UT'DA, 2002, cTp. 68. &
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06. IPHHIIMITAAJIBHBIE TEXHAYECKHE OCHOBHI PEINEHUA C
nmoMOImbIO 3I' KOHCTPYKTUBHBIX 3AJAY HA BOJHOM
TPAHCIHIOPTE

KpaTtkoe BBeneHue

ABTOpPY YyXke MNPUXOIIIOCHKCh Ha psiie KoHbepenuuii «Cudpecypce»,
peryasipao mnposoaumbeix PO AH BII P®, nokaspiBaTh Teopemy o0
(¢poHTE YaapHOii BOJIHBI KyMYJSITHBHOI'0 XapakKTepa, HO 3/Jech He00X0IHMMO
CHOBA mnpuBecTH ee GopMyJMPOBKY:

Cynepno3uyus__yOapHulX _B0JH 6 _CPe0e _NYymem BKIIUECHUSA 0UepPEeOH020
UCMOUHUKA 8 MOMEHM_NPOX0HCOCHUA uepe3 _Hezo (DpoHma yOapHOll _60.J1Hbl
Om_npeosvloyulezo0 UCMOYHUKA _00pa3zyem __pe3yabmupyrouiit _ ()poHm_60.J1Hbl
KYyMYJsamueno20_xapakmepa.|1]
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Puc. 1 (puc.7 no .[1]) Puc. 2 (puc.8 no .[1])

JlelicTBUTE/ILHO, TAK KaK CKOPOCTh  PacnpocTpaHeHus BOJIH €O
BpeMeHeM YObIBaeT, TO MpUpallleHHe paauyca nepsoro (QpoHTa yaapHoii
BOJIHbI OKA:KETCSl MEHbIlle, YeM Paauyc BTOPOro (ppoHTa YIapHOil BOJIHbI
nocje paspsaaa B Touxke O, B HANpaBJIeHUM pacOpoOCTPAHEHUS]  MEPBOro
(¢ppoHTa ymapHoii BOJIHBI, TO €CTb MO:KHO OTMETHUTb, YT0: Ar;<r; (1). Takum
o0pa3om, 000011asi BbIllle OTMEUEHHbIE 00CTOSITEJILCTBA, MPH MOCTPOEHUH
CXeMbl PACHpPOCTPAHEHHUs] BOJH HA PHUC.2 MOXKHO 3amucarb: Iy + r; > 1y
+Ar (2), TO ecTb MOBEPXHOCTH 00uIero (poHTa yIapHBIX BOJIH BOKpPYT
ucTouHukoB O; u O, 0Npu BKJIKWYEHHH BTOPOr0 HCTOYHHUKA B MOMEHT

NMPOXO:KIAeHUsl 4epe3 Hero (poHTa YAapHOil BOJIHBI OT NepBoOro
HCTOYHUKA B HANpaBJIeHUU o00LIero pacnpocTpaHeHUsi BOJH HMeeT
BBICTYI, YTO U SIBJISIETCH NPosIBJICHUEM  KYMYJSITUBHOCTH

Cynepno3uuuy  yIapHbiX BoJH. O003Ha4YNM BeJIMYNHY
BBICTYNa BHepean (poHTAa yaapHOii BOJHBI 4yepe3

pa3 Teopemy 00 00pa3oBaHHMH KYMYJISATUBHOTO

HomMep aAaHHOro paspsiza. Toraa cosepmenno sOEUV, o TR ¢SAT DR
pa3 Teopemy 00 00pa3oBaHHMHM KYMYJSATHBHOR( %LlcTy

4 1‘1‘} TH&cEW:HO
npeapiaymero (ppoHTa yIapHoOil BOJIHBI, 31€Ch QUPHXOAUTC é&‘u‘! NUTO:

a1 < ;<a;....< a, (3). JeicrBurennHo, KazdGii npeayMywE® fadghryn
BKJIIOUAET oO4YepeaHol pa3psix ¢ emé O0oJbI

flepe;KeHueM, M03B0Jsas
04YEePCAHOMY KYMYJSITHBHOMY BBICTYIYy eIIE | Be.n AEMA&!&(f

3a Bo3pocuiee Bpemsi onepexeHus.. Jlerko mpeactzidums, Tenepb cebe, uUTE
*
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o0mass aAJuMHaA ~ TPYOKM TOKa, HAa KOTOPOIi pa3MellieHa cHCTeMa
MoCJeA0BATEIbHBIX Pa3pPsSIHUKOB KaK Ha PUC. 2 0Ka3bIBAeTCsl  MeHbIIIe
WM PaBHOIl CyMMe BCeX BBICTYNOB KyMYJSITUBHBIX (DPOHTOB YIapHBIX
BOJIH, TOrAa TOCJEIHHII B pSAy Ha JIMHUU TOKA  BBICTYNl OKaXKeTCs
BBIOPOCOM JAaHHOII cpeAabl 3a mpejenbl JaHHOH TpyOkm Toka. B cmiay
NPUHIUINA HEPa3pPbIBHOCTH Cpelbl M3 3TOr0 00CTOATEIbCTBA  CJEAyeT
HE00X0IMMOCTh 00Pa30BaAHUS MOTOKA Cpeabl MO JAAHHOII TpyOKe TOKa B
HAMpAaBJIEeHUU TMOPSAKA CJIeJ0BaHUS pa3psaaoB. SICHO, 4YTO YNOMSIHYTbIe
npuMepbl peajM3ald HAa YPOBHE TeXHHYECKHX pemieHuii  cxeMbl
o0pa3oBaHUs MOTOKA Cpelbl B pe3yJibTaTe CyNeprno3uiu YIAPHBLIX BOJIH
KAK HA PUC.2 M0 CYLIECTBY SBJISIIOTCS OCYLIECTBJIEHHEM CXeMbl YCTPOiicTBa
3JIEKTPOTUAPABJIMYECKOr0 HACOCA, MOATBEPKAAS TEM CAMbIM HAlll BHIBOJA 00
00pa3oBaHUM KYMYJSATHBHOT0  (poHTAa yIapHBLIX BOJH U  OTKpbIBas
HIUPOKYK  TEepPCrneKTHuBY [JIfl €ro TEXHUYECKOr0 HCMO0Jb30BAHUA B
rujgpaBiuke. Ha ynomsaHyThIX Bbilie KoH(pepeHuusx «Cudpecypc» aBTop
AOJI0KUJT ~ HECKOJbKO  BAPUAHTOB  KOHCTPYKTUBHOI0  HMCHOJHEHMS
3JIEKTPOTUAPABJINYECKUX HACOoCOB Mo mnareHtam P® NeNe 1770614 |2],
1824504 [3], 1830430 [4] wu ap.

BMmecte ¢ Tem, Tak KaK JeiiCTBHSI HACOCA M JABHIKHTES MeEKIY C€000id
SIBJISIOTCS 00PaTHLIMH, TO HA OCHOBE JAHHOI0 BHIBOA OTKPbIBAETCS TAKKE
U BO3MOKHOCTH  Pa3BUTHSl  JBHKHTEJEll €  HENoCpPeACTBEHHBIM
npeBpalleHueM  IeKTPOIHEPru B MEXaHUYECKYH padoTy Mo JABUKEHUI)
TPAHCHOPTHOIO cpeacTea. B kauecTBe niutOcTpanuii  U3J105KEHHBIX BbIBO/I0B
0 TNPAKTHYECKHX BO3MOKHOCTSIX HCIOJIb30BAHUSA KYMYJISITUBHOT'0
IEKTPOruaApaBanueckoro 3¢pdexkra aias peumieHuss 3ajJa4  HAa BOJHOM
TPAHCHOPTE 31eCh MOKHO TMNPHBECTH HECKOJIbKO H300peTeHuil aBTopa.

1. ¥YcraHoBka IJIA  OYHMCTKH CTOYHBIX BOJ

BbIMOPA’KUBAHUEM 110 MIATCHTY Ne 1627518 P®
Tak, y:Ke HemocpeaCTBEHHOE TPHUMEHEHHEe 3IJIeKTPOruApPaABIHUYECKOTO
HAcoca 1O TMpPsIMOMY CBOEMY HA3HAYEHHI) BO3MOXKHO  pellaThb
TPAHCMOPTHBIE 3aa4H B TEXHOJOTHMYECKHX TMpoueccax, HampuMmep, B
OYHUCTHBIX COOPY:KEHHSIX, KAK 3TO BbINMOJHEHO mo nateHty Nel627518 PD

CTOYHBLIX BOA B 3HUMHHII @EpPHOI,
OTPHLIATEJIbHASI TEMIIEPATYPa OKPYKAIOIIEro

IIHPOT. YCTPOiicTBO H padoTra yCTAHOBEJENTY !j “g
pa3pe3 BepTHKAJBbHOMN MJIOCKOCTbIO, HA PHUC. 2 BHJ yCTa éia !s

puc. 3 - cxema LeNHOro0 KoHBeiiepa M Ha
%’IﬂooﬁMeHHI/IKOM & fﬁ

YcraHoBKa  COAEPXKUT orcroiinuk 1
COCUHEHHBIX TpPaHCOOPTEéPpoM 3 ¢ K104

KOTOPOIro BbIIIOJIHCHBI OTBCPCTHUSA S.
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Puc. 1
TemsiooOMeHHHK  HMeeT nNATPYOKku 6 Uil CTOKOB, MOCTYNAKIIUX HA
OYHCTKY, NATPYyOOK 7 AJisi BHIX0a OUMIIEHHOI BOAbI, MaTPyOooOK 8 coenuHsieT
TEIL1000MEHHUK 2 ¢ oTcToilHuKoM 1, marpydok 9 nias BbhiBoAa muiama. B
OTCTOMHHKE pa3MeLeHbI X0JI0AUJIbHBIE YCTpOiiCTBA 10 H
3JIEKTPOruaApaBinyeckue Hacocbl 11, onucaHHble, HanmpuMep MO NMATEHTY
1830430 [4] m ap. Ilocne HaxkomieHust otcToiiHuka 1 10 ypoBHA
XO0JIOAWIBLHOTO ycTpoiicTBa 10 B padoTty BKJIIOYAKOTCS
JIEKTPOruaApaBinyeckue Hacocbl 11, KoTopbie €031aK0T B OTCTOIHHKE
3AMKHYTBIC TOTOKH, YBJICKAKWINHE JIBAUHBI HA TMOBEPXHOCTH  OT
TEIU1000MEHHUKA K 3a/Heii CTeHKe C MPUEMHBIMH JIBHTAMHU TPAHCHOPTEPOB
3, KOTOPBHIMH JILAHHbI yBgeKamTCH no kej100amM 4 BBepX K TeNnJa000MeHHUKY.

B 4\
5 4 \ y
00
SV RMAEERMAVEESS 000
QAL LIV TTTTINY 000
Puc. 3 | Puc. 4

IIpu »3TOM  MeJIKHe JBAUHKH  4epe3 oOTBepcTust 5 B :Kejaobe 4
MOBAJIMBAIOTCHA B OTCTOWHHK TOMOJIHSS YHCJI0 HEHTPOB KPUCTAJUIM3ANNN B
OUHMIAeMbIX CTOKAaX, a KpyNHbie JbJANHBI NEPEerpKy:KalnTcad B
TEIJIOOOMEHHUK, TJAe€  PACIUIABJSIIOTCA 32  CYET  Temiocoaepskaus
MOCTYNAKIINX CTOKOB, MEPEOXJIAMNKIAAS UX Mepea MOCTYIUIeHHEM B OTCTOIHUK
yepe3 naTpyook 8, dem 3aMbIKaeTcsli TEPMOAMHAMUYECKHH MJRIIES

nmo marpyoxky 9 BBIBOAUTCH € 3aJaHHBIM
KOHIIEHTPAlMH CTOYHBIX BoaA. B 3umHee /O
BKJIOYAKOTCH TOJHLKO HA TIEPHOA 3aIMYyCKa YCTAH(] 7

2.2J1eKTPOruAPABIHYECKHE CY/I(

mo mareHramM Ne 1483825 PO wu Ae 121364
3nech §ICHO, UTO pa3MellleHue  Pa3psiIHUKOAgIA BHem\éyll) ]b(% MQOCTI/I

KOPIyca HEeMeIJIEHHO TMPHBOAUT K  CO3JaHIEY oxp:gafy%QOTEWqW s

ABH/KCHHIO CaMOIo KoOpIiIyCca B Cp€ae, TO €CTh I103b
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pa3JM4YHbIC  CYAOBBIEC ABWKUTEIN, OAUH U3 KOTOPbIX Mo nareHty P@ N
1483825 [6] mpeacrasJjieH Ha puc. S, a ero NPUHIUNHUAJIBHAA CXeMa Ha puc. 6.

-

L.

Puc.6
IIpocreiiimii BapuaHT TAaKOro JABHIKUTEJS MOKET ObIThb HCHOJHEH M0
natenry 1213645 P® [7], npeacraBieHHoro Ha puc. 7, puc. U puc. 9.

Puc. 7 Puc. 8 Puc. 9

HN300peTenue npeIHA3HAYEHO JIsl COo00IIIeHUsI ABHOKEHUSI CyaAam
npeuMyliecTBeHHO moaABoAHoro Tuma. Ha puc.7 mnoka3an oOmmid BUI
ABIGKUTEN ST COOKY, Ha pHC. 8 moKa3aHa cXeMa MOHTZY
JIEKTPO/IOB, a HAa pUC. 9 mpuBedeHA MNPUHIUNHALSHIL: PeL

’ %T*I
Q; aaltﬂn:rmg 3 %
REGISIE
s NG
T AWPE RTDATHK £

OCYIICCTBJIAKOT JABJICHHC HA €I'0 KOHHYCCKYH) 110x%]y %CTL, co3aaBasa Tﬂr&o
o OCH KOp1myca B TCUCHHEC BCCIro BPpCMCHH JJICKTPQILRG gl. e(o
ZInt-driV
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4. I110CKOOHHBINH 3JIEKTPOruApaABINYECKHUIl CyT0BO IBUKHTEb
no narenty Ne 1748395 P®

IIpakTHyeckoe NMpUMeHeHUE KyMYJSITUBHOIO 3JIEKTPOTrHAPaBIUYECKOro
3pdexTa He HCUEPNBIBAETCH YKA3aHHBIMH BbIllle H300peTeHUsIMU 110 [6]
u [7] m ap., Tak KaK M03BOJISET HENOCPEeACTBEHHOE MpPEeBpalleHHe
3JIEKTPOIHEPIrHU B MEXaHHYECKYI0 padoTy Mo nepemMeleHur0 padoyeii cpeabl.
N300peTeHue mnpeacraBjsieT co0oii pa3BuTHE HAeH HCHoJb3oBaHus 1.
pacmupsisi ero (PYHKIUOHAJbHbIE  BO3MOXKHOCTH JJIsl  MEJIKOBOJAHOIO
cynoxoacrta. Ha puc. 1 moxazan o0muii BUa cO0KY ILIOCKOAOHHOTO CyaHA
¢ ABrsKHTEIeM 1o mateHty Ne 1748395 P® [8], na puc. 2 —pa3pe3 3Toro cyiaHa
BEPTUKAJILHON MJIOCKOJICTHI), HA PHC. 3 — CXeMa pa3MelleHUus pPa3psiIHUKOB
HA BOJIHUCTOH MOBEPXHOCTH [HUINA CyI1a, HAa puc. 4 TMoOKa3aHa cxema
o0pa3oBaHUsl THATH ABMOKUTE/IsI, a Ha puc. S MPUHIHTHAJIbHAS
3JIEKTPOCXeMA JTAHHOT0 JIBUKUTEJIS.

h
N

Puc. 5
JABHKUTENIb COCTOMT M3 Kopmyca cyaHa 1 ¢ ogighBoii yHepl B EY S1¢M0ii 2,

K IJIOCKOMY JHHUITY 3 KOTOPOT0 MPHUKPeErJieHa BWMHA00 aﬁ:ﬁ K
4 ¢ BbIEMKAMHU-YIUIYOJIeHUSIMH S, B KOTOPbIX QLR 4 ﬁ%ﬁ -
npooOKH 6 ¢ pa3psiTHUKAMH 7, NOAKJIIOUEHHbIE BbIB QN
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3JIEKTPONMUTAHUS TOCpeacTBOM (hopmupoBaredieil paspsaaos 9 B npooke 10.
OO0mumii BbpiBoA 11 BOJHHUCTOI TMOBEPXHOCTH Yepe3 mNepekJrouareabp 12
BEKTOpA TSrv MOAKJUYEH K cxeme 0J10Ka 3ekTponutaHud. [lepudepuiinbie
BbIEeMKH 5 Mo mepumerpy cyaHa oOpasyroT 0Oky 13, a o0umme creHKH
BbIEMOK S oOpasyror psiael  rpedHeii 14 ¢ o0meii mi0cKoCTBIO,
NPUKPEIUVIEHHbIX K Iuiockomy aHumy cyaHa 1. Ilpu  BrjIoveHun
3JIEKTPONUTAHUS 10 3aJAHHOMY MepexjrovaresieM 12 HanpaBJ/IeHHI0 BEKTOpa
TATM Ha pa3pagHukax 7 ooOpasywtca 1D ¢ od0mmM (PPOHTOM BOJIHBI
JaBJICHUS B 3aIJAHHOM HAMNpaBJICHUHU, CO31aBasi OJHOBPEMEHHO B Ka4yecTBe
CBOUX COCTABJISIOUIUX TSACY U MOABEMHYK CHJLY AJisl MPOABHKEHUS CYIHA MO
MEJIKOBOBIO.

S. IlonBOAHBIH JJIEKTPOruAPABINYECKHI CYI0BOH IBHKUTEIb

no 3asBke Ne 93055548/11 Pocnarenra [9]/

ManbHeiilmee  pasBuTHEe HAEH 0 (PYHKUHOHAJBbHBIX BO3MOKHOCTSX
ABHIKUTEJIS J1JI51 MEJIKOBOJHOTO CYA0XOACTBA 3aKJKOYAeTCs B UCMOJHEHUHU
ero TMOJABOJHOI0 BapuUaHTa B BHAEe NWJIHMHAPUYECKOr0 KoOpImyca,
MoKa3aHHOro Ha puc. 1, puc. 2 u puc. 3. Ha puc. 1 npuBegeHbl MOJI0BHHA
BH/JA C MOJIOBHHOH pa3pe3a MOABOJHOTO IBHKHTEJS, HA PUC. 2 - cxemMa
o0pa3oBaHuUsl THATU [ABWKUTEJNs, Ha PpuUC. 3 — NPUHIUNHATIbHAS
JIEKTPOCXeMA JIBHUKHUTEJIS.




Puc. 3
JBUKHMTE b COAEPKUT LIVTUHApUUYeckuil kopnyc 1 cynHa, Ha 60pPTy KOTOPOro
HMEEeTCsl JIHEProyCTaHoBKa 2 ¢ HCTOYHUKOM JJIEKTponuTaHus. BHemiHss
MOBEPXHOCTh 3 Kopmyca 1 BbIMOJHEHA BOJHOOOPA3HOW W3 KOHHYECKHX
yuyactkoB 4, OpPHUEHTHUPOBAHHBIX B MNPOTHBONOJIOKHbIE CTOpoHbL. Ha
KOHUYECKHX YUACTKAX 4 BbINOJHEHbI KOJIbIIEBbI€ PA3PSAHUKU S ¢ BbIBOAAMU
6 uepe3 M30IHMPYHOIIHE NMPOOKH 7 K 3JIEeKTpocxeMe ABIKHUTEIS € MOMOIIbI)
dopmupoBareneii 8 paspsagoB ¢ BbiBOAaMH 9 K uensiM ynpaBjieHUs
THPUCTOPHOII CXeMbI JJIEKTPONUTAHMS, CHa0KeHHOH mnepexroyaresem 10
HANpaBJIeHUsl BeKTOpa TSI
Ilpu BrJIOYeHHNH HJeKTponutanust ¢opmupoBateaun 8 pa3psiioB
3aMBIKAIT Yepe3 BHELIHIK Cpedy Lenu YIpPaBJeHUS COOTBETCTBYHIIHMX
THPUCTOPOB  0OJIOKA 3JIeKTPONUTAHUS, OTKPbIBas HX /JAJs1 00pa3oBaHus
pa3psiioB HA Jj1eKTpoaax 5, oOpa3ys yiapHbie BOJHbI BOKpYr HuX. Tak kak
noJioskeHue nepexsrouaress 10 onpenensier paGory paspsiiHUKOB S5 ¢ oaHOIl
CTOPOHbI KOHUYECKHUX YYACTKOB 4 BOJIHOOOpAa3HOIl moBepxXHOCTH Kopmyca 1,
TO Pe3yJbTHPYHOIIAS BCEX peaKIHii yIapHbIX BOJIH 00pa3yeT o0IIyI0 TATY B
3aJaHHOM HamnpaBJIeHHU MpH J00M nmorpy:kenuu asuwxurens. Ilo 3asaBke
Ne 93055548/11 aBTop umeer pemeHue PocnareHTa o0 BblJaye maTeHTa Ha
u3o00peTeHre MOABOAHBIN JIEKTPOruApPaBIHMUYECKH CYI0BOIl IBHKUTEIB[9)].
6. IToagBoaAHBIN 3JIEKTPOrHAPABJINYECKHIT CyT0BOI ABUKUTEIb
no nareHty Ne 1631896 P®.
OnucaHHble BbillIEe CYI0Bbl€ JBIKHTEIH 001203

HEJOCTATKOM, CHIDKAWIONM HUX J3(PPeKTUBHOCTH \C&)Tv 1},1/ B
OKPYKAKIIYI0 cpexy (PpoHTAaMH YyAaApPHBIX BOJL La’(/chpouecce paﬁorﬁés‘
ABU/KMTEJICH, YTO MPHUBOAMT K PACCEHBAHHIO ZaGANE él(“g eHu o/o
K.ILA. AukuTess. IlpexorBparurs, oTmMeuyeHHb ez:Ee @E ) 7

MOABOAHBIN JJIEKTPOTHAPABIUYECKHH  CYIOB
Ne 1631896 P® [10]. ¥YcrpoiictBo u padora

ABIKUEEERIS [ GHPHTY

cXeMa KOMIIOHOBKH JABIIKHTE/ISI HA MOJABOIHOM
ABHMIKHTES IJIOCKOCTHI) YepTeXka, Ha puc. 4 =

pHC. S - -cxemMa yCTPOHCTBA HHAYKTHBHOTO (popMupfisar
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pI/IC.6. — HIPHHIOHUIIHAJIBbHAA JJICKTPOCXEMA JABHKUTC/IA.

22 ,l |

: \\
Pnc.AI Puc. 2

JIBUKUTEb COAEP:KUT HOCOBYH 1, HUWIHMHAPHYECKYH) 2 U KOPMOBYIO 3
YACTH KOPIYCa, YKPEILUIEHHbIX ¢ MOMOIIbI) KPOHIITEIiHOB 4 u naTpyOKoB 5,
6 u 7, ckBo3HO#l TPyObl 8 u kpoHmTeiiHOB 9 Kk cyaHy. Bce uvactu 1,2 u 3
KOpmyca JABHIKHTEJISI 00pa3oBaHbl M3 OJAHOM 001eii AJs1 Bcex YacTei JIEHThI
10 oOrexaemoro mnpoduiasi BUTKAMH BHAXJECT, co34aBasi BHYTPH KOpIyca
kamepol 11 Mexay aucCKoBbIMH mnieperopoakamu 12 ¢o CKOJB3SIIUMU
KOJIbLIeBbIMH onopamu 13.

—

2

o b ‘ 12
51 8 ’i_ 8 L6 0 n 4
-E-,!—- ‘ ‘.l | H | J JZ
Iu,' { 1
2 2 A 18
10 1 g 215 B
Puc. 3

TpyOubie paspsianuku 4, S u 6 uMerwT HakoHeyHuku 14 Ha mydrax 15 ¢
BbiBogamu 16. Ha npoOkax 17 ykpemJieHbl HHAYKTHBHbIe JaTuuku 18 u3
00MoTOoK 19 u cepaeunuxoB 20 HHAYKTUBHBIX (opMupoBarTesieli pa3psioB,
uMerwimux BbIBoAbI 21. O0MoTkn 19 patuukoB 18 BK/IOYEHBI B CXeMbl
yIpaBJIeHUSI TeHEePaTOPOB HMIIYJbCHOI0 TOKAa  OJI0Ka_ 3161
ABMOKMTENs. JIBHKUTEb MOKET ObITh MCIOJHEH M,

COOTBETCTBYHOIIEll KOMIMOHOBKE Ha cylax 22.
oomMoTku 26, 27 u 28, pesucropnr 29,30 u 31
ABHKUTE/sS]I MPUMEHSIOTCS THUIOBBIMH M0 TIPS
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9 /5 /6 16 : B 1
6 5 9
B Eah T a1
: . | \ ]
' TR | ' . 20
bz AR 2277772 x//////V{///]//ﬁ ? « o
. ’ l. [X] X,
2 1) ' &xx////%
[
Py 3 ne M B 9, Puz. 4 ‘ 21 8
Puc. 4 Puc. 5
e i o 32
3| 35 | o =
\\
l——2——8— - v ™~
-><-||.~\.‘ —>—<—HE-”‘“ 26 //)
I 1 L--
KR I D D P 5 fa
ﬂ[jal 5K EL]29 o,
~slyxp
Puc. 6

Iocjie BKJIIOUEHUS 3JIEKTPONMUTAHUSA OT OOPTOBOH JIHEProyCTaHOBKU
Ha)KaTHeM KHONMKH 32 myHTHpyeTcss oOmMoTka 19 mepBoro ¢gopmupoBareis
pa3psiioB, OTKPbIBasi THPUCTOP 23, YTO BbIZBIBAET pPa3pga ER) L

l'IpI/IBOIlI/IT K HW3MEHEHHUI0  BeJUYHMHBI
Pa3psI0B OYepPeIHOH Pa3psSAHOI MApbl JJIEKT
11, nmoBTOpSIsT MpoLecC MO ONMUCAHHOMY, MOAJELREcUBas peaKTnB TATY
cTpyii Boabl U3 mieJieii Mexay Butkamu JeHTHRL B Te‘leHxﬁ“,@@ié éﬁlona
JIEKTPONUTAHUSA ABVKUTEJISL.
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07. TEXHOJIOT'MYECKHUE BO3MOKHOCTH 2I'D B ITPOBEJIEHU
IHOA3EMHBIX U ITOJABO/JHBIX I'OPHOPY/IHBIX PABPABOTOK
IpeaucaoBue

Cpean MHOrOYMCJIEHHBIX KPUTHYECKUX MyOJUKALMA 3K0J0rHYeCKOro
XapakTepa oOpamial0T HA Ce0s1 BHUMAHHE BBINYCKH  OOIIEPOCCHIICKOIT
razerol «3ejleHblli MHP», KOTOpasi CTPEMHTCSl HAIVISIAHO TMOKAa3aThb M
yoeauTebHO O000CHOBATH BBIBOAbLI U npeaynpexaeHuss JKOJIOroB 0
HEI0IMYCTUMOCTH pa3BUTHUSA JIKOJOTHYECKH OMaCHBIX TeXHOJIOT Ui,
NpeuMy1IeCTBEHHO NPUMEHsAeMBbIX B COBPEMECHHOH poccuiicKoun
NPOMBINLIEHHOCTH B TMOroHe 3a cBepxnpuObLisMu. M3  mogo0HBIX
BbINMYCKOB « 3€JICHOr0 MUPa» MOKHO YKa3aTb MHoOrue nmyoukanum B NeNe
13-14 (387-388), 15-16(389-390) 2002 roxa u ap.

N3 3™ux wm JApyrux MarepuajioB CTAHOBUTCH MOHSATHBIM, 4YTO B
MOCTCOBETCKHUII Mepuoa MNpPOMBINLICEHHOCTh Poccun ycnimiia cBoe JaBjieHHe
HA OKPY:KAKIIYI NPUPOAHYK cpeay. CHuxkeHUe 00beMOB MPOU3BOACTBA
BCJICACTBHE PAa3BaJia HAPOAHOI0 X03MHCTBA KPUMHHAJILHON NpPUBAaTU3ALHEH
Ka3aJ10Cb Obl JOJKHO ObLJIO MPHBECTH K COOTBETCTBYIIIEMY CHUKEHUIO
MPOMBIIIJIEHHBIX COPOCOB M BBHIOPOCOB. B j1elicTBUTEILHOCTH Keé HMEHHO

KPUMMHAJIbHBIN Xapakrep MPOBEIEHHOI MNPUBATH3ALHUU OTOPOCHJI
COLMAJIBHO-)KOHOMHYECKOe Pa3BUTHE CTPAHBI K JTany nepBHYHOIO
HAKOIUIEHHS]  KANUTaJIJa  HOBBIMH  COOCTBEHHHUKAMH, KOrjga  paau

cBepxnpuObLieili B yCJA0BUSIX  0€33aKOHHSI  TEPEXOJHOro  Mmepuoaa
nepecTynaTCcs J0ble HPABCTBEHHbIe HOPMbI U MPaBUJIA TMOBEJACHMUSL
Ilo3TOMy pa3Bajl NpPOMBILNLIEHHOCTH TpPHBEJ He TOJbKO K  pa3Bajy
NMPOU3BOJCTBEHHBIX KOMILUIEKCOB, HO W K pa3Bajly COOTBETCTBYHIIHX
OYHUCTHBIX COOPY’KeHUii, Mep 0e30MacHOCTH U oOXpaHbl Tpyaa. CTpeMJjieHue
HOBBIX XO03§leB CKOJIOTUTH MEPBUYHbIA KaNuTaJ MNOpeBpaTUWi0 HX BO
BPEMEHIIUKOB, KOI/Aa AJisl U3BJIeYeHHsl 0T Pa3BaJIUBIIErocsl X03§1iiCTBEHHOT0
KOMILIeKCa X0Th KaKHX-TO MNpPUObLIell OHU CTPEMATCH SKOHOMUTH
a0CoOJIIOTHO Ha BCeM, BKJIKOYas 30POBbe U KU3Hb MEPCOHAJIA M HACEJIeHUS
OKpyxarmux peruoHoB. IIpeBbilieHHe MOTOpPeCypcoB, NMpeHedpeKeHue
3JIEMEHTAPHBIMU TPEOOBAHUSAMHU TEXHUKH 0€30MACHOCTH U OXPaHbI TPyaa,
HCKJIIYEHHEe U3 TEeXHOJOTHYEeCKHX MPOLEecCcOB axKe YCTapeBLIRX {Ju0cQ00B

pyanukax, mnpesBbiiieHuro II/IK Bpeannbix Be
cOpocax u BbIOpOCAX, KOTOpbIE  MNpaKTU4Ye
AO0JKHBIM  00pa3om.

IKOJIOTHYECKYH)  ONACHOCTH
TPAHCHOPTHPOBKU W mepepadoTrku  HedTH,
HCKOMAEMbIX YIJIEBO0PO/I0B.
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N3 exeromunix T'ocymapcrBeHHbIX [lokaaaoB «O coCTOSSHHM OKpYy:Karoimei
npupoaHoii cpeabl Poccuiickoii ®@egepauum»y» U PErHoHOB  CJACAYIOT
CTATUCTUYECKHE BBIBOAbI, YTO BJIMSIHUE XO3AWCTBEHHOU 1eATEJIbHOCTH HA
OKPYKAKIIYK NpUpoaHyrw cpeay Poccuu mnocTosiHHO  Bo3pacraer,
IKOJIOTHYECKAsT O00CTAHOBKA YyXyIIIAETCHA, 4YUCJA0 peruoHoB Poccum ¢
0€e/ICTBEHHbIM  COCTOSIHHMEM HNPUPOAHOW Cpeabl pacTeT, a AeITeJbHOCTH
BJIACTHBIX CTPYKTYpP BCeX YPOBHell BCe 4Yalle CBOAUTCH K 3aMaJT4lBaHUI0
IKOJOTHUECKHUX MPOoOJIeM.

Takum  oOpa3oM, CcBeleHUSI 0  JAeSITEJIbHOCTH  POCCHICKHX
NMPOMBIILIEHHBIX NpeAnpUsITUI B TMOCJeIHHEe TOoAbl yoeauTeIbHO
MOATBEPKIAT BbIBOA «3ejIeHOro Mupa» 00 3KOHOMHUYECKON yuepOHOCTH
IKOJIOTHYECKH  OMACHBIX  TEXHOJOTMH W HACTOATEJIbHO  TPedyHT
He3aMeAJIUTeJbHOI  pa3paloTKu W TNPUMEHEHUS] Ha  COBPEMEHHbIX
MPOMBIILJIEHHBIX npeanpusaTHsIX IKOJIOTHUECKHU 0€e30MacHbIX u
BbICOKONIPOU3BOAUTEIBLHBIX  TEXHOJOTHYECKHX TMpPOLeccoB, DJHEPro- u
pecypcocOeperarwomux ycrpoiictB u ycraHoBok. Kak mokasbiBaer 0030p
TEXHHUYECKUX U TEXHOJOTHYeCKUX PpelleHHii Ha  OCHOBe TeopeMbl 0
(dpoHTEe ymapHoii BOJHBI KyMYJATHBHOTO XapakTtepa, JI'J mpemocraBisier
CMEeNHAJMCTAM CaMbIX PpPa3HbIX OTpac/ieil NPOMBIILUIEHHOCTH TakKue
BO3MOKHOCTH TEXHUYECKHX W TEXHOJIOTHYeCKHX pelleHHil, KOTOpbie mpexae
NpPeACTABJSJINCH, Hepa3pelIuMbIMH.

Kpartkoe TeopeTnueckoe BBeAeHHE

Kaxk U3BECTHO, COIJIACHO COBpPeMEHHbIM npeacTaBJIeHUsIM
rUAPOAMHAMUYECKOH Teopuu Cynepno3ulusi YIapHbIX BOJH B cpele He
BbI3bIBa€T 00pa30BaHUSl TMOTOKOB [AHHOH Cpedbl, COMPOBOXKIASICH JIUIIb
nepeaaveii ’Heprud  BOJIH 0e3 mepeMelnleHusi BemecTBa B cpeae [1]. 3a
HCTOPUYECKHI mnepuoa mocJe pyHaameHTaabHbIX Tpakraros /|. bepHy/um
«T'uapogunamuka» / 1738 r./ u JI. Diinepa «O0mue NpUHUMNOBL JIBHKEHUS
kuakocTw» /1755 ./ B ruapoauHamuke  cdopmupoBasach — CHCTEMa
YPABHEHUIl JBHKEHUS CIUIOMIHOW cpeabl (MHIAKOCTH WJIU rasa ), Kotopas

. . dv — 1
paccMaTpuBaeT Cpeay HU30TPOIHOI M THPOTPOIHOI: o F——gradp (1),
P

div v=0Q2)u adl_/z) =0 (3). s mpakTU4YeCKUX pPacyeTos!

HIUPOKO UCMOJIb3YeTCs MepBblil MHTerpaJ
KOTOPOro AJsl TPYOKH TOKa Kak Ha puc.]l MoKEQ)
voop _ )

E+ > + gh = Const (4) Ilo cymecTBY gy aBHeHnevEétkg?@WcaeT
€000l 3aKOH COXpPaHEHHS HepPrum B TpyoOke TgEACpeabl, YD) [5G e\ GHHO
CMpaBeAIMB0 B YCJOBUSIX HEBMeNIATEJIbCTBA 2BHE B JHEDreTHYEeCKHIl
O0ayianc aaHHOW TPYOKH ToKa., IMeHHO MmO TN E

roay B ceoeM Memyape “O pacnpocrpaHeHHH NJIRKEX BOJH KOHEYHOH {
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aMILIMTYABI®, paccMaTpuBasi  pacnpocTpaHeHHe BO3MYLIEHUII B cpene,
npuileJ K BbIBOAY 00 00pa3soBaHUM  YIAPHBIX BOJH B 0apoTPOMHbIX
cpenax, Tak Kak: X =tc(p) +¢o(p) (5) B coorBercTBUH ¢ BBIBOAOM (5)

pacnpocTpaHeHHe BO3MYHIEHHH TUIOTHOCTH Cpelbl MOKHO TPEICTABUTH
rpadguyecky Kak Ha puc.2, HO ¢ y4eTOM BTOPOro HayaJjia TepMOAUHAMHKH
BOJTHBI Pa3peKeHHs] HEBO3MOXKHBI , T03TOMY pPeajibHO BHIMOJHSAETCS JIMIIb
npaBasi 4yacTh rpaduka, To eCTh 3aBHCHMOCTh KaK Ha puc.3.

1 v PN
> £, /k
i /,’ © zeé) TT("(/’
9
TaKne BO3MyHIeHI/Iﬂ B cpezle Ha3bIBAKOTCHA aKyCTI/I‘-IeCKI/IMI/I, a
OIMUCBIBAKOIIIAN Hux TeOpI/Iﬂ ABJIAECTCH HHHeﬁHOﬁ, HE¢ I103B0OJIdA

paccMaTpuBaTh HMITYJIbCHBbIE SIBJICHHS C 00pa3oBaHHEM B cpeae TMAapo —
ra3o - BAKYYMHBIX IO0JIOCTEH, KOIJAa KUAKOCTH YKe HeJIb3$l PacCMaTpuBaTh
CILIOIHON HEC:KUMAEeMOM Cpeaoii . PaccmarpuBasi Takue uMIYJIbCHBIE
SIBJICHUS B cpeae ¢ NMO3ULMII ra3oBoil JUHAMHUKH, HAa OCHOBE 3aKOHOB
COXPAaHEHMSI MACChl, UMIYJbCA W JHEPrUd , Mbl MNPHAEM K H3BECTHBIM
cooTtHomieHusim PenxuHa — I'voronuo [1], koTopblie AJsi MJIOCKOr0 CJIydasi
B HEMOJABUKHOI CUCTeMe KOOPAHUHAT MOTYT ObITh MPEICTABJIEHbI:
p1(D=Uy) =p2(D-U3)(6) Pr+pUi(D-Uy)= Py + p2 Uz (D-Uy) (7)

e - ey = %(Pl-P 2) (i - L) (8), rme: D - ckopocTh yaapHoil BOJIHBI,
1

U - ckopoctb cpensl , a p,P,e - COOTBeTCTBeHHO IUIOTHOCTD,

JAaBJIEHUE U yeJibHAsi BHYTPEHHSISl JHEPrusi »KUAKOCTU. 3aech uHaekcamu 1

U 2 0003HAYeHbI COOTBETCTBEHHO COCTOSIHUSI  CpeAbl 10 00e CTOPOHBI

MOBEPXHOCTHU pa3pbiBa. B yacTHOM ciy4dae it mokosieiicss nepea yiapHoii

BOJIHOI cpeabl, kKorga U= 0 (9) umeem caencrBusi: piD = p(D -- U)

Takum o0pa3zom, UMIYJIbCHasi ylapHasi BO
CILIOIIHONM cpeabl BO BCe CTOPOHBbI, TO €CTh B
HamnpaBJieH, HanpumMep, HEOAHOPOJHOCTHIO
TEXHUYECKUMH MPUCIOCO0JIeHUusIMI (0TpaxKag
eCTh ,paccMarpuBasi UMITYJIbCHbIE
HeJIMHEIHON Tra3oBoM JMHAMHKH , MbI

o0pa3oBaHUS HATIPABJIEHHOT0 BbIOpPOCAa cpeabl B P
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CUCTEMONl  eTUHHUYHBIX B3PbIBOB, KOTOpbIe HE MOIyT 3/eCh
paccMaTpuBaTLCA B KadeCcTBe HeNpepbIBHLIX MOTOKOB JAaHHOII Cpeabl,
4yTo0 M noaTrBepxkaaercsa caeacrsuem (14) u3 coorHomennii  PeHkuHa -
I''oronno. Bmecte ¢ Tem, Kak 3TO O0OHAPY:XKWJIOCH B HU3YyYeHUH
eKTporuapasanueckoro  3¢dexra [1] ¢ nomompbio MOCJICTHEr 0
NpeACTABJSIETCSI  HOBasi  BO3MOXHOCTH TEXHUYECKUMH  CpeacTBaMHu
MOABOJAUTL 3JHEPruK) B MOTOK Cpedbl ¢ YCTAHOBUBIIMMCSI IBUKEHHEM ,
oKa3bIBasi TeM CaMbIM BJIMSIHHE HA JHEpPreTudYecKuid OajlaHC 3aJaHHOI
o0sactu cpeabl. bojee Toro, moaydymwsam npaKTHYECKoOe NnpUMEeHeHue
pa3ju4HbIe YCTpPOiicTBA B BHJE COCYA0B, TM0JIOCTEeH, OTPaKAIOLIUX
MOBEPXHOCTEH U T. M., C MOMOIUBI) KOTOPBIX (OPMUPYHTCS KYMYJSTHBHbIE
cTpyu skuakoctu noa aeiicreuem JI'J [2]. Tak xaxk B padorax aBtopa [3],
[4], [S] m ap. npeamouTeHue OTAAETCH JMIIb TEXHHUYECKHM pelieHHueM C
HCI0JIb30BAHHEM KYMYJSITHBHOTO0  JIEKTPOruapaBandeckoro 3¢gdgekra
(IBUsKUTEJIEH, HACOCOB U T.I.), TO 31€Ch HEOOXOANMO TNPUBECTH HECKOJIbKO
NMPUMEPOB TEXHUYECKUX pelleHHil, B KOTOPbIX TEXHUYECKHUIl pe3y/bTar
AOCTUraeTcsl 3a CYET NpPUMEHEHUsl YNOMSIHYThIX YCTPOMCTB.
1. DnexTpouckposoii miayr mo nmatenty Ne 1428225 PO [6].

N300peTeHne Mo3BoJisieT pa3BUBATh BBICOKYH) MPOU3BOAUTELHOCTH Ha

nepeyBJAKHEHHbIX I[UIAHTALUMSIX W MpPeIHA3HAYEeHO /i 0e30TBaJIbHOIl

00padOTKH MOYBBI.
‘ 4

_...
1L
"

a9
3

116 g‘ z
Puc. 1 Puc. 2 Puc. 3

Ha puc. 1 nokazan o0mmii Bua muyra cO0OKy, Ha puC. 2 - ero
NPUHIUNHAJIBHASA JJIEKTPOCXeMa, a Ha puc. 3 - NPOJ0JbLHBIH pa3pe3
KopIyca IUIyra mno oOcCu. Ilnyr cocroutr u3 kopmyca 1, Ha KoTOpOM
pa3MelléH KOHUYECKHI 3JIeKTPOa 2, JJIEKTPUYECKH COeIHHEHHbIH MpoOKoii
3, TpyOkoii 4 U MPoOBOAOM 5 C UCTOUYHHUKOM 73JIEKTPONMUTAPA oopty

HUcTounuxk IJICKTPOIIMTAHUSA COCTOUT H3

@nﬁ?sﬁ@l&?&@ﬁ@a
nepeMeHHOro TokKa (He nmoka3aH), TpaHcopmazgiia i ,npo% (Jﬁpen
KOHAeHcaTOpoB 15 u (opmupoBatenss paspsaaorR 6 ¢ ABur 4

Ilpu BKJIIOUEHHH JJIeKTponHUTAHUST Ha FAwyoaeHHbr] DG NV@xay
leKTponamMu 2 u 6 ¢ 4YacTroToil , ompenessieMad

I N ZCK
apurareass 17 , ocymecTBJsIOTCS JIEKT] % W wﬂﬁ?ﬁ

MOYBEHHBIN CJIOH, yIapHbIe BOJIHBI OT KOTOPBIX [ réwsnoT MO4BY,

(
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O/THOBPEMEHHO o0Jeryast NMPOABICKEHHE TIJIyra mo  XOAy MAIIWHBI.
Perymupysi ckopocTh pa3psiioB M BEJIMUHHY JIEKTPHYECKOT0 HANPSKEHUS B
3aBHCHMOCTH  OT KOHKPETHBIX YCJOBHII  JIKCIUIyaTalluH, JOCTHTAETCS
ONTUMAJIbHBIA pexuM 00padoTKH MOYBBI.
2. YeTpoiicTBO AJisl pe3KU CTPYEil BBICOKOI0 JaBJIEHUS
no nareHty Ne 1598338 P® [7].

YerpoiicTBO mnipeIHa3HaAYeHO /Ui 00pad0TKU Pa3IMYHBIX MATEepPHAJIOB U
MOKeT ObITh HCMOJB30BAHO B CTPOUTEIbHOH HWHAYCTPHH, HAa JIOPOKHO-
CTPOUTEJIbHBIX pPadoTax, B TOPHO-PyIHbIX pa3padorkax u T.n. Ha puc. 1
MoKa3aH o0muil BUJI YCTpPoOiicTBa COOKY, HA pHC. « BHJ YCTPOHCTBa €O
CTOPOHBI COILIA - IIeJIM, Ha puc.3—paspe3 mno A-A puc.1l, Ha
puc. 4 - pazpe3 no b-b puc. 1, Ha puc. 5 — npuHUIUNKNAIbLHAA TUPUCTOPHAS
JIEKTPOCXeMAa TUTAHUS Pa3pPsTHUKA.
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YCeTpoiicTBO COAEP:KUT KoOpmyc — OaJlIoH 1 ¢ OokoBbIMH TyOKamMu 2,
00pa3syrumux ¢ MOMOIIbK  KoMIeHcaTopoB 3 comio-mness» 4. Buyrpm
Kopmyca-6ayiona 1 B 3J1eKTPOM3OJHMPYIONIMX MPOOKaxX S pa3melieHbl
JIeKTpoAbl 6 paspsiAiHUKa ¢ BbiBoAamMH 7 B Kojmake 8, u mpoOke 9
ykpervieH djiexktpox 10  dopmupoBarenss paspsaoB ¢ BbiBoAoM 11 Kk
3JIEKTpPOCXeMe nuTaHus paspsaHuka. B Topue kopmyca-6Gasasiona 1
BbINOJIHEHO oTBepcTHe 12 co mrynepom 13 u obOparHbiM KjaanaHom 14 B
ceneqbHOl mpoOke 15 ¢ orpanuuutesem 16, Ha KOTOpBIII HAaJAET HLJIAHT
HU3KOro jaasjeHusi 17, mo 6oxkam kopnyca-0a/ui0HA 1 BBINMOJIHEHBI UMb
18 nas manrosooii mranru 19 manunyasitopa.

& 7
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e \)
{ # R t
L
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L g™
Puc. 5

IIpu BrIIOYeHUHN 3ieKTponuTaHusi (opmupoBatenass 10 pa3psgoB uepes
cpeany B kopmyce-0a/uioHe 1 3ambikaeTcsl uenb YNpaBJieHUSI reeparopa
HMITYJIbCHOTO  TOKa, KOTOPBIii  co3Maér  MexXay dJjekrponamu 6
IEKTPUYECKHii pa3psil, BbI3bIBasl YIApPHYI0 BOJIHY, JaBJieHHe 10 (POHTY
KOTOpOii pa3naér ryoku 2 u (popMHUPYET CTPYHO KHAKOCTH U3 COoTia-mesm 4
BbICOKOI0 JaBJIEHUS, HAMIPABJIEHHYK) Ha oOpadaTbiBaemblii Marepuasi. B
pe3yJibTaTe MHOTOKPATHOIO JI€iiCTBUS CTPYH Ha MarepuaJ odpasyercsl pes,
U3 KOTOPOT0 YACTHIBLI YHOCATCS CTPYEil IKHAKOCTH, TPeIoTBpaIIast
o0pa3oBaHHUe MbLIH.

3. DaekTporuapasauyeckas Oyposasi roJ10BKa
no nareHty Ne 2026990 PO [8].

bypoBasi rosioBka mnpeaHazHaueHa AJisi OypeHHsl CKBa:KUH U MOKeT
NMPUMEHATHCH UIS  YOPABJSAEMOH  TPOXOAKH B
npombicioBoM Oypennu. Ha puc. 1 nmokaszan Bujg
puc. 2 - BUJ CHH3Y, HA puC. 3 — MPOAOJIbHBIII pa3 roge TOCR LR
yepre:ka, Ha puc. 4 - cxemMa JAeiCTBUS TOJIOBK Q/?Bamnne. BypoBdy
roJioBKa COCTOMT W3 UWJIHHAPHYECKOIr0 ' (| Q’lj
OCHOBaHHEM 2, SIBJSIIOIIHMMCH eé padoueil mep \gm E;?S; :
TOPLOBBLIM OCHOBaHUEM 3 ¢ aep:kaTesieM 4 371er@yo/10B S u QAT Y G 1eM
6 pa3psiioB B OTBEPCTHH OCHOBAaHHUS 3, JJIEKYDVOCHIOBBIM KadejeM 7 B
OpOHUPOBAHHOI 000J104Ke Uepe3 aepaTeb 4.@3 ocropanidh B RS NEkun:

oTBepcTUsi 8T ¢ HAKJIOHOM K OCH IUJIHHApA CapiLr O i
pecaWATSRMARRR £

KOHHYCCKOI'0 OCHOBAHUA 2 BBIIIOJIHCHDBI COILJIA- ‘}Q
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Puc. 3
HATIpaBJIEHHbIE COIJIACHO ¢ oTBepcTuUsiMH 8,
HUJIHHAPAa Koprmyca 1 BbITOJHEHbI BUHTOBbIE
COTJIACOBAH C HANPaBJIeHHEM OTBepcTHi 8 M com
umeer orpannunteab 11 oceBoro cmemre

roJiIOBKH B YCTAHOBKC BXOAHAT II0 CBOCMY IIPAMOM
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12 ckBa:kuHbl ¢ oTBepcTHeM 13, ruOkue muanru 14 u 15 noasoaa BoabI u

0TBOJA MyJIbIIbI, Hacoc (HAa 4YepTex}ax He TMOKa3aH), HCTOYHUK
JIEKTPONUTAHUS C THPHUCTOPHBIM TE€HEPaAaTOPOM HMIIYJLCHOI0 TOKa ,
0acceilH-0TCTOIHUK MyJIbIbI. IIpy BKJIWYEHHH JIEKTPONUTAHUS

(¢popmupoBaresb 6 pa3psiioB uepes BOAY B MOJOCTH IOJIOBKH 3aMbIKAET LENb
yIpaBJieHUs1 THPUCTOPOB 0JI0KA HJIEKTPONUTAHHS Pa3psiiHUKA S, BbI3bIBasl
JIEKTPUUECKUl pa3psii U 00pa3ysl YIApPHYK BOJIHY BOKPYTI 3JIEKTPOJA0B S,
KOTOpasi BBITAJKHBAaeT W3 MOJOCTH UYepe3 COmJIa-meau 9 cTpyu BOAbI Mo
BbICOKHM JaBJICHHUEM, KOTOpPbie pa3padaTbiBAOT MOPOAY Mepen roJioBKOii, a
peakuusi CTPYi W3 OTBePCTHIi 8 TPHUBOAMT roJIOBKY BO BpamiarejibHoOe
ABHMKEHUE W TMPOABUraeT €€ 1Mo Xoay Mo mepe pa3padoTKH NOPObI,
BblJaBJMBasi  myJbny mno kaHaBkam 10 HaBepx rosioBku. OTkyna oHa
0TCACBhIBAETCSl  HACOCHOW yCTaHOBKOWI mo muiaHry 15 u orBoaurcsa B
OTCTOIHHK.
4. DneKTpOruapaBJIHUECKHd CMECUTEIb
no nareHty Ne 1534818 P® [9].

CMmecuTesib MNpeAHA3HAYEH /IS NepeMelIUBAHUSI € OJHOBPEMEHHbIM
nepeMelieHNeM, MoJavyed MNPEeHMMYIIECTBEHHO BBICOKOBS3KHX PACTBOPOB,
MyJibIl, IMYJIbCHH, CYCIICH3UIl U T. Il. CMECeil B TEXHOJIOTHYECKHUX Mpoueccax B
CTPOUTEJILHOM HWHAYCTPMH, HAa XUMHYECKHX Npou3BOJACTBAX, B
rOPHOPYAHBIX pa3padorkax u T. . Ha puc. 1 noxka3zan npoaojibHbIii  pa3zpe3
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cMecHuTe sl IJIOCKOCThI) YepTexa, Ha puc. 2 — Bua no A-A puc.l, Ha puc. 3
NPUHLUNHAJbHAA JJeKTpocxemMa cMmecutTeas. Cmecurelb COCTOUT W3
TpyOuaToro kopmyca 1. Ha BHyTpPeHHell MOBEPXHOCTH KOTOPOro 3aKpensieHbl
PaBHOMEPHO M0 KPYrOBOMY CEUEHUI) BHUHTOBBLIE 3JIEKTPOALI 2 mNapamMu
Pa3pPsSAHUKOB MO AUAMETPAJbHO MPOTUBOMOJI0KHBIM CTOpOHAM Kkopmyca 1.
Yepes 3J1eKTPOU30JIUPYIOIIHE MPOOKH 3 BBIBOABI 4 3JIeKTPOAOB 2 COETUHEHDI
C HCTOYHUKOM HJjekTponutaHus. CoocHO WIHHAPUYECKOoMY Kopmycy 1
KPOHIITeiHAMHI S ¢ MoAIMNHUKAMH 6 YyCTaHOBJIEH Baj 7 ¢ poropoMm 8 u
TOPLOBBIMU KPbLIbYATKAMU 9, romactamu — ajaekrpoaamu 10 ¢
BbiBOAaMHu 11 mo cBepyieHusiM d4epe3 poTop 6 u Bajg 7 K KOHTAKTHBIM
koabamMm 12 co merkamu 13, umeromium B nmpodokax 14 BwiBOAbI 15 K
HCTOYHUKY 3JIeKTPONUTAHUSI. Ilpu BKJIKWYEHUH HJIEKTPONUTAHUS c
MOMOIUbK) THUIOBOIl KOMMYTAIIMOHHOII anmapaTtypbl Ha 3JeKTPoAbl 2 H
Jgonactu 10 nmoaBoauTCsl 3/1eKTPUYECKOE HANIPSKEHUE, KOTOPOe MPUBOAUT K
o0pa3zoBaHUI0 3JIEKTPOPa3pPsaA0B MO0 HAUMEHbIIUM pa3psiAHbIM
NMPOMEXYTKAM Mexay Ommxaimmmu 3jektpoaamu 2 u 10 B padoueii cpene-
CMECH, COMPOBONKIAKIIHECS yiapubimu BojiHamu JI'D,  koropbie
BO3AeHCTBYIOT Ha Jonactu —jektpoanl 10 m jgonmacTu kppuibvaTOK 9 W
CO3JaK0T BpALIAIOIIUII MOMEHT poTopa 8, ocyluecTB/ssl MepeMelleHHe ¢
O/JHOBPEMEHHBbIM MepeMelInBaHueM padoueii cpeabl — CMeCcH.
5. DnekTporuapaB/MuecKuil MPOKEKTOP
no 3asBke Ne 3884509 /25 PocnaTtenra [10]

N300peTeHne npeacrap/isieT co00ii MOIIHBIN H3/IydYaTeb AKYCTHYECKHUX
BOJIH, TeHEPUPYeMbIX 3JIEKTPOTHAPABJIHMYECKUMH Ppa3psiiaMu, M03TOMY OHO
MOKeT ObITh MHCMOJIB30BAHO /AJs1 MOABOJHBIX pPa3padoTOK TrpyHTa, NpH
pacuncTtke ¢apBaTepoB, B3JI0MA JE€A0BbIX NOKPOBOB M T.M. padoT.

(coruio Ha puc. 6-3 yYCJI0BHO He pa3pe3aHo) u JuxemMa o00pa3oBaAHUA JIyda
YAAPHBIX BOJIH, HA puc. 6 — 5 u puc. 6 — 6 QQ)cazanbl ARD S\ Rnsxca
JJIEKTPOAOB HA OTpaskaTejiec U BHELIHMIT Jius TELRERT AR K s
IeKTpoAamMu, a Ha puc. 6 — 7 i) JIEKTpocxeMad
MPOKEKTOPA. o
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ykpemwieHo comio 10 co creHkamu o00TekaeMoro cedeHus. C moMoiubro
mrTadnr 11 u ruaponpuBoAa mNPOKEKTOP B cOOpe yCTAHABJIUBAETCH IO
MeCTy NpPUMEHEeHUs, Hanmpumep, Ha Oopty cyaHa 12 u 1.1

IIpu BKIWYEHHH 3JIEKTPONMUTAHHUS HA Pa3pPIIHUKHU 6 B HHX
OCYLIECTBJISAIIOTCS JJIEKTPUYECKHE Pa3spsiibl uUepe3 BOAY, 00pa3ysi yIapHbIe
BOJIHBI, KOTOPbI€ B Pe3yJibTaTe OTPaKeHUs1 OT MOBEPXHOCTeill oTpaxkarens 4
u comia 10 oOpasyror oO0mumii ppoHT B HAmpaBJIeHHMH PpacTBOpPa Kopmyca
1, a ruaponoToku, UUPKYJIupyss BHyTpu comia 10 wu BHe ero,
KOMIIEHCUPYHT  Japyr apyra. B pesyabrare MPOXKEKTOP  €O3AAéT
aKyCTUYECKHIl JIyu JaBJjieHHsl B HaMpaBJieHHd W3 pacTBopa kopmyca 1.

6. TpyOonpoBoaHasi MarucTpaJjb
C OTPULATEJIbHBIM TUAPABJINYECKUM CONMPOTHBJICHUEM.

N3 onucanusi ycTpoiicTBa M padoThl IJIEKTPOrHAPABIUYECKHX HACOCOB
SICHO, YTO MEXAy C¢000ii  Hacochl  JTOH cepuH  KOHCTPYKTHUBHO
OTJIMYAKTCH JIMIIb HCHOoJHeHueM dopMupoBaresieii pa3psiioB, KOTOpPbIe
MOTYT ObITb  TeH30pe3UcTOPpHbIMH (puc.l-4), nbe3o3IeKTPpUYECKUMH  HUJIH

yiekrpoautTnueckumu  (puc.I-5). He3aBucumo 0T KOHCTPYKTHBHOI0O
ucnosHenust /3/, /4/, IS/ (popmupoBareneid pa3psiioB, KOTOpPoe CKa3bIBAeTCsI
HAa JIKCIUIYaTAIIHOHHBIX  XAPAKTEPHCTHKAX HACOCOB, onpenesisis

NMPOM3BOANTEIbHOCTD, HAMIOP U ApP. MapaMeTpPbl, BCe HACOCHI JAAaHHOH cepuM
SIBJIMIIOTCS  TpyOonmpoBoAaMH € OTPULATEJbHBIM  THAPABJINYECKHM
conporusjieHNeM. boJsee Toro, ecim npeacraButh cefe  MOCJIeI0BATEIbHYHO
CepHI0 TAKHX HACOCOB, COEIMHEHHBIX MeKIy c000il oTpe3kamu TpYyoO, TO NpH
BBINOJIHEHUU YCJI0BHs, 4T00bI: P>~P; (1), MOKHO MOJYYHUTH CKOJIb YTOJHO

F

SO el

MArucTpaJm, Coaepx ame cep
JAJTMHHY 1O TPYOOTNPOBOAHYHO MarucTpaJ
rUApaB/JIMYECKHM  COMPOTHUBJIEHUEM, KaK 3 ool
JeiicTBHTEe/IbHO, TAK KaK Ha rpaduke nasieH QP u  PA/F &G Ngam
Ha yyacTtkax 1 m 2 cooTBeTCTBYWT padoTe IBY. COCEAHHX HACOCOB, KOTIA
Bropoii JI'H Bk/0YeH B MarucTpajb nocaefiEire/ lbHO Hepers HA
TAKOM pPACCTOSIHUM OT HEro, 4roobl
ObLI0 0OJIbIIIE HYJISI , TO B pe3yJIbTaTeé Ha BBIXO
Oyaet yaoBJieTBOpPATH ycaoBuro (1).
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Peanmmzammio  Takoii  MArucTpajy MOKHO TPEeICTABHTH B BHJE
B0/103a00pPHOII yCcTaHOBKH, moxkazanHoii Ha puc.ll-2. u puc.ll-3. Takasa
yCcTaHOBKa /2/ coaepsKHMT  ceTdyaTrblii orosoBok 1 ¢ momaBkamum 2 Ha
KpoHuTeliHAX 3 1 rudkuii TpyoonpoBoa 4 HU:Ke YPOBHSI BOJbI B BoOJA0EMe,
COCJUHEHHBIH ¢ BOAOBOAOM S mo aHY Boaoema. B BomoBoae S wyepes

Puc.II-2. Cxema pasmewmeHusi Tpydonposoga c Puc.Il-3. BperukanabHoe
BKJIIOYEHHbIMU mocjenoareabno JI'H. ceuyenue puc.ll-2,

3alaHHble HHTepBajbl pasMemenbl JI'H - 6 ¢ o0muM 3jeKTponuTaHHEM
Mo JJIEKTPUUYECKOMY KaleJI0 , MPOJI0KEHHOMY MNapajLieJlbHO BOJAOBOIY.
(KaGep Ha pucyHKax He moka3aH.) BbiBox 7 yYCTAaHOBKH  BbINOJHEH MO
MeCTy Ha3HadeHusi B BHA€ TYHHeJs WIH KOJOAUA . 3aKpenjieHue
BOJA0BOJa 5 HA JHE BOJ0eMAa BbINOJHEHO C MOIIbI XOMYTOB 8 ¢ sikopsiMu
9, HanpuMep, 0AIMAYHOI0 THUNA U T.IL. /2/.
7. DNIEKTPOTrHUAPABINYCCKUN KaHAJ
mo nateHty Ne 2027076 P®

IIpuponooxpanHoe Ha3Ha4YeHHe OMUCAHHOII BbILLIE B0OA03a00pHOI
YCTAHOBKH KaK mnpuMepa TPYyOOTIPOBOIHOI MAarucTpaJjim c
OTPULIATEJIbHBIM  THAPABJIMYECKUM  COMPOTHUBJIEHHEM  He BbI3bIBAeT
COMHEHUIl, HO MPOM3BOAUTEJIHLHOCTh YCTAHOBKH OrPaHUYEHA CeYeHHEM
BOJA0BOJAa. JTOr0 OrpaHUYeHHsl MOKHO H30€XKaTh, €CJIH B KauecTBe caMoii
MATUCTPAJM HUCNO0Jb30BATh PYCJI0 peKH, TeYeHUEe KOTOPOro Mo:KeT ObITh
ycKopeHo uiau 3aMensieHo ¢ nomombry JI'H oTkpeiToli KQHCHIYKIIMNU,
koTopasi mnpeacraBjeHa Ha puc.lll-1, puclll-2 u
COCTOUT W3 KaHaJia c oopramu 1 w JgHHIOEN Bp@!?wﬁ)@a
npodujisi, MOBEPXHOCTH, KOTOPOro oodpa3oBaHa @l \’-[HLIMI/I

CeTH HJIEKTPONUTAHUSI, BHIMOJHEHHOI Ha TH])

KOTOPBIX BKJIYeHbI (opmupoBaTtesm 8§ pa smOB B ﬁﬁ% Held,
pa3MeleHHbIX B mpoOkax 9 ua aue yruyog@iwmii 3. HeAdhSafd@® 10
PS/I0B Pa3PSIAHUKOB OMpeaesisieT HanpaBJIeHHEOPOK g
paspsiiHUKH € 33JaHHOIl  CTOPOHBI ‘ Wmﬂé K
HANPSIKEHUsI 3JIEKTPONUTAHMS B 32IAHHOM TOJI0KE i IAN g,epeKﬂmaneﬂﬂ 10 O
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Puc.Ill-1. Bepruxkanbueii paspe3 Hacoca  Puc.Ill-2. Bug nuuma Hacoca cBepxy.
co cxemoii dexrponutaHusi. (Pur. 1 mo [6]) (Pur.2 no UCTOYHUKY 6)

WA e XK

AT T T Ki' T

Puc.III-3.I'onorpa¢g cxopocTn noToka no
ceyeHHI0 KaHAJIA. (PHUL.3 M0 HCTOYHHKY 6)

dopmupoBatesu 8 pa3psiioB 3aMbIKAOT LeNb YNPaBJeHUs] THPUCTOPHOII
CXeMbl 3JIeKTPONUTAHHSI PA3PSIHUKOB 6, yiapHble BOJIHbI BOKPYI KOTOPbIX
BbIOPACHIBAKT Padouyr0 cpeay B 3aJaHHOM HaNpaBJIEHUM IO XOAy MOTOKA B
TeUeHHe BCero nepuoaa 3JeKTPONnUTAHUS.

8. MoOwibHasi TpyOONpPoOBOAHAST MArUCTPAaJib.

OnucaHHblii BbIlIEe OTKPBITHII 3JEKTPOrUApPaBIUYECKUIl KaHAJ M0
nateHty P® Ne2027076 mo:xkHO TmpeaCcTaBUTHL  cede B KadecTBe
JAOTIOJTHUTEILHOr0 BOA0COpPOCa B MepHOJ MABOAKOB Ha IJIOIIAAU OacceiiHa
nepenoJHEHHOW peKu, HO 3TOT K€ NPUHIUN 00pa30BaHUs THAPOMOTOKA
BO3MOKHO HUCMO0JIb30BATH W B TPyOONpoOBOAHOM
lelicTBUTE/ILHO, €CJIM  TPYOONMPOBOAHAS MAarucTpaJib

7
BKJIKOYATH BCE PA3PSIAHUKH  CeveHHs] KaHAIa KeIVeRy Tao=e 158 IR no %
}<EAT0 OrpaHNYEHH S,
DJIeKTPOpa3psAIHbI pPeBEePCUBHBIH HACOC MOSEriBKe Ne oME=REIE)
IIpeacraBum cebe kaHaJ TPYObI, KAK 3TO MOKazAi0o Ha pn%‘ﬁbgppg@V—Z,
a NPUHLUIIHAJBHYI 3JIeKTpocxemMy Ha puc.IV=2} ITOT peBepPCHBHBII
3JIEKTPOPa3PsIAHbIIL HACOC  COCTOUT U3

Kopmyca 1, BHyTpH KOTOPOr0 pa3MelleHbl CTyNeHH
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KOHHUYECKOH (pOpMBI , COeIUHEHHBIX B Mape HAUOOJBIINMH PaCTBOPaAMHU
KOHHMYecKuXx KopmycoB. Ha  orpaxkarenssix 2 pasMemieHbl — mapbl
JIEKTPOPa3PSIAHBIX YJIEKTPoA0B 3 B BHIE KoJjell ¢ BbIBogamMu 4 4epe3

Puc.IV-1. Bua cooky pesepcuBHOro Hacocac s  Puc.IV-2.Bua ¢ Topua puc.IV-1.
BbIp€3a PpPagHAJIbHBIMHU IJOCKOCTAMH

npodku 5 Kk cxeme sjekrtponutaHus. I[lo cTrhikam OOJILIIUX PACTBOPOB
KOHHYECKHX OTpaskaTejeii 2 pa3MemieHbl B Npodkax 6 ¢dopmupoBaTen
7 pa3psiioB B BHAE CTEPKHeil ¢ BbIBOJAAMHU 8 K cxeMe 3JIEKTPONHUTAHUSL.
Ha xonuax kopnyca 1 BbinosHensl mTyuepsl 9. Ilo crhikam cryneneii
3amacHble OTBepCTUs MojA Npodku S 3akpbiThl 3arjaymkamu 10.

Puc.IV-3.IIpuHuunuajbHas 3J1eKTPocxentd

PEBEPCUBHOI0 3JIEKTPOPA3PSTHOIO ) %’(ERED ,/

Kak sicHO U3 NMHUMNHAJIBHOH 3JIeKTpocxembl, popNiioeiren 7 paapﬂfifo@

BKJIDUEHbI B LieNb YNpaBJjeHus: THPUCTOPHOM @7 3J1eKTPONUTAHMS {5}

nepexJrouaresiem 11 Hanpas/jieHUsI THAPONOTOK:IR % REGFS TERED 7
I1pu BKJIIOUEHHHU 3TEKTPONUTAHUSA yaapHbIe G HLI OT SPESTR OB,

pacnpocTpaHsiicb B 3aJaHHOM HAamnpaBJieHH OTpamaTeﬂen 2,




o0pa3oM, KakK $ICHO U3 ONUCAHUSA PadOTHI TAKOr0 pPeBEPCUBHOIO
3JIEKTPOPA3PIAHOI0 HACOCA, KOHCTPYKTHBHOE HCIOJIHEHHE Pa3psiAHUKOB B
BUJE KOJIEll HA KOHUYECKHX OTPaKaTe/siX TMO3BOJIIET He TOJbKO
OCYIIeCTBUTHL H3MEHEeHHEe HANpaBJieHHsl MOTOKAa padodyeil cpeabl, HO H
o0ecrneunBaeT YCTOMYHMBY PadoOTy HACOCA MNPH YACTHYHOM 3aN0JHEHHH
KaHaJa paboueii  cpemoii. lpyrumu  caoBamMu, TpPyOONpoBOaHASNA
MArucTpajib, BKJINYAKIIAs B ce0sl MO0CJIeI0BATEIbHYIH) CEPUI0 TMOA00HBIX
OI'H, Oyaer He TOJbKO 00J1aAaTh OTPULATEJbHBIM T'HAPABIHYECKHUM
COMPOTHUBJIECHUEM, HO U CMOKET padoTaTh , OyAy4YHd MPOJIOKEHHOH MO
MOBEPXHOCTH 3eMJIM, HATIpUMeEP, B BUJe ri0koro nuianra. B cBorw ouepenp,

BO3MOKHOCTh TNpPUMEHEHHs] THOKUX MNUIAHTOB JJs TPyOONIPOBOAHBIX
MarucTpajieii ¢ OTpuIaTeJbHbIM THAPABJIMYECKHM  CONMPOTUBJICHUEM
OTKPBIBAeT IHUPOKHE  TMEepPCNeKTUBbl AJs1  PelIeHus  Pa3JHYHbIX
NMPHUPOJAOOXPAHHBIX 3a4ad4.
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3AK/ITIOUEHUE

Emé na pydexe XIX - XX BexkoB NpPOMBILILIEHHOCTh MNOCTABHJIA
nepex THAPABJMKOH Psii  oOCTPbIX MpodjeM B BHAe  TpedOoBaHUid
K HACOCOCTPOEHHK), U3 KOTOPBIX [0 HACTOSILIEr0 BpPeMeHH He HalLIu
CBOEro TMOJIHOTO pa3pelleHusl HAAEKHOCTL B padoTe U KOPPO3HOHHAS
CTONKOCTb, Tak Kak Ha pyoOexe XIX - XX BekoB TexHHUKa He uMea
JAejla € COBPEMEHHbIMU HAMOPAMH W MPOU3BOAUTEIbHOCTHI) B CeTSX
arpecCMBHBIX Ppado4YHX cpea, MHPOKO HCMOJb3yeMbIX B COBpPEMEHHbBIX
JHEpPreTuKe M MeTAJUIYPruM, CTPOHUTEJbHOW HHAYCTPUH HW XHMHYECKOM
MPOMBIILJIEHHOCTH U JIP. JTH 00CTOSATEJbCTBA HAIJISIIHO HWJLIIOCTPHPYIOTCS
npuMepamMy TEeXHHYECKHX pelleHHil, W3JI0KeHHbIX B CTaThAX HACTOSIIIIETO
cOopHUKa, cpeau KOTOPBbIX BbIIEJISTITCS H300peTeHus
3JIEKTporuapaBaInydeckuii cMecurtesb no nareHty Ne 1534818 P®, ycranoBka
JJISI OUMCTKH CTOYHBIX BOJI BbIMOpakuBaHueMm mo nareHty Ne 1627518 P®,
IEKTPO(PUIBTP ABLIMOBBIX ra3oB mo mnateHty Ne 1837447 P®, siyencras
MmojJ3eMHasi sijiepHasi YHeproycraHoBka 1o 3asiske Ne 4932318 /25 PocnarenTa,
JIeKTporuapaBjnyeckass Oypoasi rojioBka mo nateHty Ne 2026990 PD u
Apyrue Hu300peTeHHsi, /S KOTOPBIX H3BECTHbIE¢ TIOPIIHEBbIE  HJIH
LHEHTPOo0EeKHbIE  HACOCHI OKa:XKyTCH  COBEPIIEHHO 0e3HaIE:KHBIMH.
OTMeueHHOEe 00CTOSAITEILCTBO PadOTOCHOCOOHOCTH MHOTHX TEXHHYECKHX
pelIeHNid Ha 0CHOBE TeopeMbl 0 (poHTe yXapHOil BOJIHBI KyMYJSTHBHOIO
XapakTepa pacmpsieT BO3MOKHOCTH TEXHHYECKHX M TEeXHOJOrHYeCKHX
pellieHuil, KOTOpbIe Mpesk/ie MPeICTABISINCH CNeUAJTUCTAM CaAMbIX Pa3HbIX
oTpacJieii IPOMBILLIEHHOCTH Hepa3pelIuMbIMHU.

Tak kak crarbu CcOOpPHHKA NyOJHMKOBAJHCH B pa3jMyHble Toabl M B
Pa3JIMYHBIX H3JAHUAX, TO € YY6TOM THOHEPCKOro XapakTepa MHOTHX
u300peTeH il aBTOPY BCAKHI pa3 NPUXOAUJIOCH MPUHIMITHAJIbHbIE 0CHOBAHMS
TEOPHH MPEANOChLIaTh B BHJAE MPEIUCTIOBUI HJIH KPATKHX TEOPeTHUYECKHX
BBE/JIEHUI1, COAePKALIMX I0KA3aTeJbCTBA WIN TMOSICHEHUSI TeopeMbl:

Cynepno3uuua _yoapHsiX _60IH 68 _cpede Nnymem 6KINYEeHUA 04epeoHo20
UCIMOYHUKA 8 MOMEHM NPOXOHCOCHUA uepe3 He20 (poHma yoapHoi 60J1Hbl
0m_npeovloyuiezo UCMOYHUKA _00paszyem pe3ynbmupyouwuii  (hponm 60.1Hbl
KYMYJIAMUEHO20 _XApaKmepa.

C yuérom MaJIbIX THpaKell YKa3aHHbIX U3AaHUM OTaeJ|
OMHCBHIBATL TOBTOPHO B PAa3JIHYHBIX CTAThSIX, HTORAIUHNCRS GTHt
HACTOSIILIEM COOpPHHKE B BH/€ MOBTOPEHUil, KOTOPAL Q/@%Horpa(bnn Ob

Obl H3JIMIIHHMH. <~ REGISTERED /O¢
VERSION
ADDS NO

-77 -



CBenennst 06 aBTope Ipuinoxenne Ne 1

&. U 0. Bepmunckuii Ilagen Anexceeeuu
Ton poxnenusn 1935
OoGpazoBaHue BbIcliee, Byparckmii rocnemmerurytr uM. Jl. banzaposa
CrielMaIbHOCTh YUuTe b (PU3HKH
YueHas cTeleHb He HMeI0 MecTo paGoThI Hpkyrexas TIII-11
Jo/oKkHOCTH nHKeHep ( mMeHcHoHep ¢ 26. 03. 2001 1)

Jomanmiii agpec: 665463, . Yeoime-Cudupcekoe, yi. Kyiiobmesa 10-1

Hayunbie myo/mKaipi:

1.Beprusckuii II. A.Pusu4yeckoe coep:kaHiie XapaKTepUCTHK U TeoMeTpHsA MATHHTHOTO TIOJISA
//Te3zucn1 Beecoroznoii kong.AH u 'KHT CCCP 21.04.85,BHHHTH, Mocksa, 1985.
2.Beprunckmii ILA. 1. MarnuromHamuka, r. Yeosme-Cudupcekoe,1993 ,222 c.
3.Beprunckmii ILA. I1. DiexrporuapaBimika, I. Yeosme-Cudupcekoe, 1996, 144 c.
4.Beprunckuii 11 A. BBenenue B MaruuromuHamuxy, UpI'TY,Upkyrck, 1997,142 c.
S.Beptunckii I1. A. K MarnuroquHaMuke WIeKTPU3AllMM BPALIAIOLIETOCA MAarHHMTa // K.« leKTpoTexHuka» N4 / 1998
6.Beprunckmii I1. A. K Bompocy mmarnocTuxu gpuzudeckux teopmii //C6. H. Tp. HpI'CX A, HUpkyTek,1999,¢.193.
7.Beprunckuii I1. A.PyHaaMeHTATBHAA POJIH AKCHOMATHYECKOT'0 MeToAa B WieKTpomHamuke //«OSOS» ,Anmarsi, 2001
8.Beprunckuii ILA. K Boripocy o meperiekruBax pasButHa jiekTpomuHaMuu // C6. m.IV «CuGpecyper», Hpryrek,2001
9.Beprunckmii ILA. OnruMH3aLHA 3TeKTPOMEXaHIYECKHX CHUCTeM MeTOTaMH MAarHUTOIMHAMUKN  //«V CuGpecype», Hpkyrek 2002
10.Beprunckuii ILA. ITopemu. Dddexrt. II'I-cucrem ¢ uen. Kymymasar. II'I- sdpderra / C5. «Cubpecype-2002», Hpryrek, 2002.
11.Beprusckmii ILA. MuUKpoMUHH. 3JIEKTPONIPUBOAA HA oCcHOBe ieKTpoMex. dderra B JKKB//CG. V«Cudpecype», Hpkyrek, 2002.
12.Beprunckuii ILA. OI'3-Tpy6. ¢ oTpHIL. THAP. COMPOT. -TeX. OCHOBA pelleHHiT Mpupoaooxp. 3axaw//C6. VI«Cudpecype», Apkyrer, 2003.
13.Beprunckuii IL A. IlepcneKTHBBI TEXHHMECKHX pellIeHUIT SKOJIOTHYeCKHX TIpodeM sHepreTukn//m. VI «Cuépecype», Hpkyrek,2003
14.Beprunckuii ILA. Dxosor. BezonacH. TexHosormii B wiekrpoMeraLiypruu amomumus//C6.VI «Cubpecype» Hpkyrek, 2003.
15.Beprunckuii IL.A. O6ocHoBaHMe M pacdeT PaGoThI U YCTP. MATHHTOIMHAM. NIEKTPOJIMTHOTO Hacoca // k. « MC» Ne 11/2006.
16.Beprunckuii ILA. CenmpaibHO-KOHMYECKHX OOM. B pellleHMH 3ama4d yiekrponpusona // C6. m.VIII «Cudpecyper», Hpkyrek, 2005,
17.BepTunckmii 11 A. IIpuMeHeHe MHAYKTHBHOTO TOKOCHeMa UII TeXHHMYECKHX 3aJa4 TPAHCIOPTHBIX cucTeM // K.« MC»Ne 9/2005
18.Beprunckmii IL.A. Marem. Mo, pMHUTHOCTH M CHHTY/ISIDHOCTH B pa3MepHocTH TipoctpaHerBa// C6.V MHC KpacHosipek, 2002.
19.Beprunckuii I1. A. MareMaTHiecKHii KpUTepuii MoJeIMPOBAHUA AKCHOMATHKH d¢uuiuieckux Teopwii // M.VII , KpacHospck ,2004.
20.Beprunckmii ILA. T'napaBimyeckasn GypoBasi rosioBka // k. «MC» Ne 6 /2003,¢.24.
21.Beprunckmii I1.A. Dxojloruyeckiie Mpod/ieMbl SHEPreTHKU M TEePCIIeKTHBBI UX peleHwHii // k.. «MC» Ne 3 / 2004.
22.Beprunckmii 11. A. DiexkTporuapasimdeckyii cMecHTesh // & «MOC» Ne6/2004,¢.21.
23.Beprunckmii I1.A. AKTHBHOe K0JIeco TPAHCIIOPTHOTO cpeacTBa// K.« MC»Ne9 /2004,¢.22.
24.Beprunckmii I1.A. CamMoxoqHoe YCTPOIHCTBO AJIsI TiepeMellileHUsi BHYTPH TpyOompoBoxa // k. «MC» Ne 12 /2004.
25.Beprunckmii I1.A. K Bonpocy o mosHoTe akcuoMaTuiku ¢ismdeckux teopuii / Bectnux HPO AH BIHI PO Ne 1(4) , Hpkyrek , 2004.
26.Beprunckmii ILA K MarHuromHaMuke craipoHapHoro reomardverusma // C6. M. VIII MHC-2005 ,KI'Y, KpacHosipck,2005
27. Vertinskii P. A. On magnetodinamics of stationary geomagnetism\\ XII Joint International Symposium > Atmospheric and
Ocean Optics. Atmospheric Physics”. — Tomsk” Institute of Atmospheric Optics SB RAS, 2005.

28.Beprunckmii I1.A. I'eomar. Mex. 7KoJI0T. MOC/IeICTBHIL pAKeTHO-KOCMU. JeATebHocTH // BecTHik PO AH BII P® Ne 3 (10)/ 2006.
29.Beprunckmii ILA. 3urzaroo6passH. O6M. it coryiac. M cumMMetp. Harpysok // C6. IX «Cubpecype», Hpkyrek, 2006
30..Beprunckuii ILA. TIpakTHyeckHe THANa3oHbI BO3MOKHOCTeH 3JIeKTporuapaBmdeckoro sdpdexra//.IX Cudpecype, Upkyrcek, 2006.
31. Beprunckuii ILA. EcrecTBeHHBIe MOJesM coep:kaHus KaTeropuii Tonooruu // C6. m. IX MHC-2006, KpacHosipek, 2006.
32..Beprunckuii ILA. K MarHuToMHaMHKe CyIie prozHIiMM TI0JIeii B paquoTrexHuueckux sagadax // X «Cudpecype, Upkyrek, 2007
33. Beprunckuii I1.A. IIpupoaa reoMardeTH3Ma ¢ MO3MLMI MATHUTOAMHAMMKIY/

http: //www. cosmoworld. ru/spaceencyclopedia/publications/vertl.doc

http://ecoportal.ru/public.php?id=1803

http://www.za-nauku.pochta.ru/docs/vertinski kosmos.htm
34 .BepTuHckuii [1.A. HpaBCTBEHHBE I[IE€PCISKTUBL SKOJOTMYECKUX mnpobiem//

http: //www. cosmoworld. ru/spaceencyclopedia/publications/vert2.doc
http: //www. za-
nauku.ru//index.php?option=com content&task=viewsid=49&Itemid=36
http://www. za-
nauku.ru/new/index.php?option=com contentétask=viewsid=49&Ttemid=36
35. Beprusckuii IILA. EcTecTBeHHBIe Mo/Ie/IH pa3zMepoB M pazMepHocTel B kKaTeropusx Tomosorun// X MHC- 2007, Kpac

osIpcK, 2007

38.«M3 anmb6oma Beprunckoro ILA.»//#.«300peTares U paipioHam3aTop»Ne2/96, ¢.12.
39.Beprunckmii I1.A. YerpoiicTBo 11 BenuIaBku amomuHust// Ilarent PP Ne2197550, BH Ne 1 ERE D 1,/
o O D E e 2147555, B Ne 1 @
41.Bepruncikuii ILA. Jlo:xxneBapHan yeraHoBka // Ilarent PP Ne 2063122, B Ne 19/96. U @

42.Bepruncikuii 11 A. Marnuro-HaMirdeckoe cBapouHoe yerpoiictso //Ilarent PP Ne204 i) é‘@ZSNS (S‘/

43.Bepruncikuii I1.A. Conuto peakTiBHoro apuraresis // Ilarent PP Ne 2041376, b
44.Beprunciuii I1.A. Maruuro-muHaMirdeckoe akycTudeckoe yerpoiicteo//Ilatent POWLRLY ‘%, Eﬁ@ﬁ I S TE R E D O
45.Bepruncikuii II.A. Maruuro-auHavirdeckuii  M3MepHTeIbHBIH MexanmsM // IlaTeHt 2 2028003, B Ne 3 / 95. ¢

46.Beprunckmii ILA. YeraHoBka ist MThA MeTa/mmueckux Tpyo//Ilarent PO Ne 2001958, BIINe 2/95.
47.Bepruncikuii ILA. DirekTpodisTp T5IMOBBIX razos // Illarent PP Ne 2026752, bY! VE R SI ON
48.Beprunckmii ILA. Cniocod KoOHTPOJIsL KadecTBa cBapHbIX coemuHenwii Tpyo //Ilatgiir PD Ne 2014591, BU Ne 11 / 94.

49.Beprumckuii ILA. Cymresarop peunt // Tlarent PD Ne 1839263, B1INe 47-48/93. A D D S N O

50.Beprunckuii I1.A. Direxrporugpasmrdeckiii Hacoc // Ilatent P Ne 1830430, BViME] .
Ne28/92.
52.Beprunckuii IILA. YeTtaHoBKa 11 0UMCTKU ¢TOYHBIX Boj // Ilatent Pd Ne 1627518 4 ) WA TE R M A R K s
/ 95 o

S51.Beprunckuii IILA. YetpolicTBo A5 BBoAa 3ByKkoBoi nHdopmainm// Ilarent PP Nel755l
53.Beprunckmii 1L A. lllaroBeni s1ekTpoctaTuyeckuii qeuraress // Ilarent PO Nol SSORLYER 116192/ 95,
T Ne 24/90. o

ap. Beero 123 n306peTeH]/m( .

rint-driN g

S4.Beprunckuii 1. A. Maruuro-uHaMirdeckuii e puctaabTideckuii Hacoc//Ilarent Pd Nt
55.Beprunckuii 11 A. Hosxmimin! 1715 pasnesenys Matepuana // Ilarent P® Ne 1424998, B ERERIS/8E

-78 -




COJIEP)KAHUE;

NeNe cTp.
OT ABTOPA:
01. IToBbimieHHe IPPEKTUBHOCTUH 3JIEKTPOrHAPABIUNYECKHX -02

CHUCTEM € MCIIOJIBb30BAHUCM KYMYJISTHBHOI'Q JICKTPO -

ruapaBandeckoro 3¢ dexra
Onyo/mkoBano no .10 Ipuno:xenns Ne 1

02. Ucnoab3oBaHue KyMmyJasaTUBHOr0 3¢ ¢exrta cynepnosuuuu -10
YAAPHBIX BOJIH BOKPYT 3JIeKTPUYECKHX Pa3psiioB B

MPOMBIIJIEHHBIX  TEeXHOJIOTHSIX
OnyouxoBano no . 37 Ipuno:xkenus Nel

03. IIpakTHyeckne TUANA30HBI BO3MOMXKHOCTEI 3JIEKTPO — -19

ruapasaudeckoro 3¢pdexra
OnyoauxoBano no n. Ipuaoxenns Nel

04.DnexkTporuapaBjanyeckasi TPyooOnmpoBoAHASI MATHCTPAJIb -30
€ OTPHLATEIbHBIM I'HAPABJIHYECKHM CONMPOTHBJIEHHEM
KaK NPHHIHIHAJILHAS] TEXHHYECKAasi 0CHOBA

pelieHuil MPUPOA0OXPAHHBIX 3a4a4
Onyo6smkoBano no n.12 Ipunoxenns Nel

05. IlepcreKTUBBI TEXHUYECKHX PelIeHHH 3IKO0JIOrHYeCKHUX -40

npooJieM 3HepreTuKu
Onyo6smkoBano no n.13 Ipuno:xenns Nel

06. IIpuHuynuajibHbIe TEXHHYECKHE OCHOBbI pelleHuil -52
¢ noMouib0 ') KOHCTPYKTUBHBIX 3371a4 HA BOJHOM
TPaHCHopTe
OnyosmkoBano no n. [lpunoxenus Nel
07. Texnonoruveckue Bo3MokHocTH I B npoBeeHUN -62

MOJA3€MHBIX M TOJABOAHBIX T'OPHOPYIHBIX Pa3padoToK
OnyosmkoBano no n. Ilpunoxenus Nel

3AK/IIOYEHUE -77
Ipunoxenne Nel
COJIEPXAHUE:

-79 .

VERSION

ADDS NO




HAYUHOE H3JIAHHE

Beprunckuii IlaBea Asexceennd

IlegaraeTcs B aBTOpcKOH pejakiHu

Iogmicano B meuars 20.07.2008. @opMat 60 x 84 / 16.
Bymara odcernas. Heuars odeernas. Yea. neq. 1. 5,0,
Ya.-u3a. a1 5,25, Tapax 100 ox3. 3ak. 32k,

S
) TtimepenTeTa

»

HpxyTcxoro rocyaapcTBeHHOIO TEXHHAH
664074, Hpkyrek, yva. Jega

VERSION
ADDS NO



VERSION

ADDS NO




